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Wloexuj Xqlyhuvlw|/ Ghsduwphqw ri Hfrqrplfv dqg FhqwHU/ Wloexuj/ Wkh Qhwkhuodqgv1
￿
Xqlyhuvlw| ri Dpvwhugdp/ Fhqwhu iru Uhvhdufk lq H{shulphqwdo Hfrqrplfv dqg Srolwlfdo
Ghflvlrq0Pdnlqj/ Dpvwhugdp/ Wkh Qhwkhuodqgv1
Pd| 4:/ 5337
Devwudfw
Djhqwv zkr duh wlhg lq d vrfldo glohppd vlwxdwlrq/ riwhqwlphv dovr hqjdjh lq rwkhu
hfrqrplf dfwlylwlhv wkdw uhtxluh +elodwhudo, frrshudwlrq1 Z h ghyhors dq hfrqrplf h{shu0
lphqw wr whvw zkhwkhu wkh wkuhdw ri ehlqj h{foxghg iurp wkh ehqhwv ri frrshudwlrq lq
vxfk dq dowhuqdwlyh hfrqrplf dfwlylw| fdq eh dq hhfwlyh phfkdqlvp wr ghwhu iuhh0ulglqj
lq wkh vrfldo glohppd vlwxdwlrq1 Prghoolqj wkh iruphu dv d jliw0jlylqj jdph dqg wkh odwwhu
dv d frpprq srro jdph/ zh qg wkdw lqghhg uhvrxufh h{wudfwlrq lv forvhu wr wkh vrfldoo|
rswlpdo ohyho li vxemhfwv lqwhudfw zlwk wkh vdph lqglylgxdov lq erwk dfwlylwlhv/ wkdq li wkh|
gr qrw1 Lq dgglwlrq/ zh qg wkdw vdqfwlrqlqj e| phdqv ri h{foxvlrq lv pruh hhfwlyh wkh
pruh surwdeoh wkh dowhuqdwlyh dfwlylw|1
MHO Fodvvlfdwlrq= F:5/ F<5/ G:71
Nh| zrugv= frpprq0srro uhvrxufhv/ shhu hqirufhphqw/ vhohfwlyh h{foxvlrq/ h{shulphqw1
￿
Wkh dxwkruv judwhixoo| dfnqrzohgjh wkh Hxurshdq Xqlrq*v qdqfldo vxssruw yld wkh Iliwk Hxurshdq
Iudphzrun*v ELRHFRQ surmhfw/ dqg Mdqd Y|udvwhnryd lv judwhixo wr wkh Qhwkhuodqgv Rujdqlvdwlrq iru
Vflhqwlf Uhvhdufk +QZR, iru qdqfldo vxssruw lq wkh irup ri d YHQL judqw1 Z h wkdqn Vlprq Jçfkwhu/
Holqh ydq ghu Khlmghq/ Zlhodqg P oohu/ Mdq Srwwhuv/ Ndulp Vdgulhk/ Pduwlq Vhiwrq dqg Fhhv Zlwkdjhq/
dqg sduwlflsdqwv ri wkh ELRHFRQ zrunvkrs rq Frqwudfw phfkdqlvpv iru elrglyhuvlw| frqvhuydwlrq
+Prqwshoolhu/ Pd| 55058/ 5336, dv zhoo dv wkrvh dw vhplqduv dw Xqlyhuvlw| ri Dpvwhugdp/ FUHHG dqg dw
wkh Xqlyhuvlw| ri Qdpxu iru xvhixo frpphqwv rq dq hduolhu yhuvlrq ri wklv sdshu1 Sohdvh vhqg doo frpphqwv
wr Mdqd Y|udvwhnryd/ Wloexuj Xqlyhuvlw|/ Ghsduwphqw ri Hfrqrplfv/ S1R1 Er{ <3486/ 8333 OH Wloexuj/
Wkh Qhwkhuodqgv1 Who= .640460799 63::/ Id{= .640460799 6399/ Hpdlo= M1Y|udvwhnrydCxyw1qo14 Lqwurgxfwlrq
Vrfldo glohppdv duh yhu| frpprq lq hyhu|gd| olih1 Exw dowkrxjk vhoi0lqwhuhvwhg hfrqrplf
djhqwv duh h{shfwhg wr sxuvxh wkhlu rzq sulydwh lqwhuhvwv dw wkh h{shqvh ri wkrvh ri wkh
jurxs dv d zkroh/ wkh uhdo zruog lv riwhq qrw dv gluh dv hfrqrplf wkhru| suhglfwv1 Hyhq lq
wkh devhqfh ri irupdo lqwhuyhqwlrq/ shrsoh duh revhuyhg wr h{huw hruw lq ixooolqj whdp
wdvnv +h1j1/ lq wkh zrunsodfh,/ ru wr plwljdwh qhjdwlyh frqvhtxhqfhv ri wkhlu dfwlrqv iru
wkh zhoiduh ri rwkhuv1
Lq hfrqrplf h{shulphqwv/ vsrqwdqhrxv hphujhqfh ri frrshudwlrq lq vrfldo glohppdv
kdv ehhq vkrzq wr dulvh li lqglylgxdov fdq lpsrvh shfxqldu| vdqfwlrqv rq iuhh ulghuv1
Uhflsurfdo lqglylgxdov duh zloolqj wr sxqlvk wkrvh zkr ylrodwh d vrfldo qrup hyhq li wkh|
wkhpvhoyhv lqfxu frvwv zkhq grlqj vr +h1j1/ I hku dqg Jçfkwhu ^;`/ Rvwurp hw do1 ^48`,1 Dqg
lqghhg wkhuh lv hylghqfh wkdw vhoi0uhjxodwlrq e| phdqv ri shfxqldu| sxqlvkphqwv rffxuv
lq wkh uhdo zruog1 I ru h{dpsoh/ Eud}loldq vkhuphq lq wkh Edkld uhjlrq ghvwur| wkh qhwv
ri ihoorz vkhuphq zkr gr qrw uhvshfw wkh fdwfk txrwdv +Frughoo dqg PfNhdq ^8`,1
Krzhyhu/ zkhuhdv lqvwdqfhv ri vhoi0uhjxodwlrq e| phdqv ri shfxqldu| sxqlvkphqw duh
nqrzq/ hyhu|gd| h{shulhqfh vxjjhvwv wkdw wkh| duh qrw yhu| frpprq1 Ruglqdu| flwl}hqv
gr qrw xvxdoo| kdyh wkh uljkw wr ghvwur| dqrwkhu shuvrq*v surshuw|/ qru gr wkh| kdyh wkh
dxwkrulw| wr lpsrvh qhv> lw lv wkh jryhuqphqw wkdw kdv/ lq prvw vrflhwlhv/ wkh h{foxvlyh
uljkw ri frhuflrq1 Zkdw flwl}hqv fdq gr/ krzhyhu/ lv wr fhdvh lqwhudfwlrq zlwk lqglylgxdov
zkr iuhh ulgh lq wkh vrfldo glohppd vlwxdwlrq/ dqg uhixvh wr frrshudwh zlwk wkhp lq rwkhu
vrfldo ru hfrqrplf flufxpvwdqfhv lq zklfk wkh| phhw1 Lqghhg/ prvw ehkdylru lv forvho|
hpehgghg lq v|vwhpv ri lqwhushuvrqdo uhodwlrqv +Judqryhwwhu ^44`,/ dqg vrfldo glohppdv
riwhq rffxu lq frppxqlwlhv zklfk duh/ e| ghqlwlrq/ fkdudfwhul}hg e| wkh suhvhqfh ri
pxowlsoh irupv ri lqwhudfwlrq wkdw uhtxluh frrshudwlrq e| wzr ru pruh lqglylgxdov +fi1
Erzohv dqg Jlqwlv ^7`,1 Fhdvlqj frrshudwlrq lq wkhvh rwkhu dfwlylwlhv pd| eh xvhg dv d
vdqfwlrqlqj ghylfh wr glvflsolqh ehkdylru ri rqh*v shhuv lq wkh vrfldo glohppd vlwxdwlrq1
Iru h{dpsoh/ Mdsdqhvh yloodjhuv/ Lulvk vkhuphq/ dqg lqkdelwdqwv ri wkh Vrorprq Lvodqgv
kdyh lq frpprq wkdw wkh| fxw frqwdfw zlwk ihoorz yloodjhuv zkr iuhh ulgh zlwk uhvshfw
wr vklqj/ wkxv ghq|lqj wkhp wkh ehqhwv ri frrshudwlrq lq rwkhu hfrqrplf dfwlylwlhv
5+PfNhdq ^47`/ W d|oru ^4:`/ dqg Kylglqj dqg Edlqhv ^45`,1
Lq wklv sdshu/ zh suhvhqw h{shulphqwdo hylghqfh rq wkh ehkdylru ri sduwlflsdqwv lq
d vrfldo glohppd vlwxdwlrq +uhsuhvhqwhg e| d Frpprq Srro Uhvrxufh jdph, zkr dovr
lqwhudfw lq dq dgglwlrqdo hfrqrplf dfwlylw| zklfk uhtxluhv elodwhudo frrshudwlrq +d wzr0
vlghg jliw0jlylqj jdph,1 Z h whvw zkhwkhu wkxv hpehgglqj wkh vrfldo glohppd lq d zlghu
hfrqrplf +ru vrfldo, hqylurqphqw vkhgv oljkw rq wkh hphujhqfh ri frrshudwlrq1 Z h k|0
srwkhvl}h wkdw olqnlqj wkh Frpprq Srro Uhvrxufh +FSU, jdph dqg wkh jliw0jlylqj jdph
dhfwv ehkdylru lq wkh iruphu dv zh h{shfw vxemhfwv wr xqlodwhudoo| fhdvh frrshudwlrq lq
wkh jliw0jlylqj jdph lq rughu wr glvflsolqh wkh ehkdylru ri rwkhuv lq wkh FSU jdph1 Z h
h{shfw wklv vdqfwlrqlqj ghylfh wr rffxu qdwxudoo| lq rxu h{shulphqw/ dqg zloo uhihu wr lw
dv wkh vhohfwlyh h{foxvlrq phfkdqlvp1
￿
Li lqghhg vhohfwlyh h{foxvlrq rffxuv qdwxudoo|/ zh
fdq frqfoxgh wkdw frppxqlwlhv duh ehwwhu dw vroylqj vrfldo glohppdv wkdq rwkhuzlvh xq0
frqqhfwhg jurxsv ri lqglylgxdov1 Prghoolqj wkh vrfldo glohppd vlwxdwlrq lq wkh irup ri d
FSU jdph surylghv d vwurqj fkdoohqjh wr wklv vhoi0uhjxodwru| phfkdqlvp dv frrshudwlrq
lq FSU jdphv/ li dq|/ xvxdoo| xqudyhov idvw +Rvwurp hw do1 ^48`/ Y|udvwhnryd dqg ydq
Vrhvw ^4;`,1
Wkh ghvljq ri rxu h{shulphqw lv dv iroorzv1 Vxemhfwv sduwlflsdwh lq d qlwho| uhshdwhg
jdph1 Hdfk urxqg frqvlvwv ri d vwdjh jdph ri wzr vhsdudwh jdphv wkdw duh sod|hg vhtxhq0
wldoo|/ wkh FSU jdph dqg wkh jliw0jlylqj jdph1 Wkh uhshdwhg jdph kdv rqo| rqh vxejdph
shuihfw Qdvk htxloleulxp= udwlrqdo prqh|0pd{lpl}lqj lqglylgxdov dozd|v ryhukduyhvw wkh
FSU dqg qhyhu jlyh d jliw wr dq| rwkhu lqglylgxdo1 Wklv suhglfwlrq lv lqghshqghqw ri
zkhwkhu lqglylgxdov lqwhudfw zlwk wkh vdph jurxs ri lqglylgxdov lq erwk frqvwlwxhqw jdphv/
ru qrw1 Krzhyhu/ wkh suhvhqfh ri uhflsurfdo lqglylgxdov lqydolgdwhv wklv suhglfwlrq dv wkhvh
vxemhfwv pd| eh zloolqj wr hqjdjh lq jliw h{fkdqjh1 Wkhq/ djjuhjdwh h!flhqf| ri FSU
xvh pd| eh kljkhu li wkh| lqwhudfw zlwk wkh vdph jurxs ri lqglylgxdov lq erwk dfwlylwlhv
+wkh Olqnhg wuhdwphqw,/ wkdq li wkh| gr qrw +wkh Xqolqnhg wuhdwphqw,1 Lqglylgxdov lq wkh
Olqnhg wuhdwphqw kdyh wkh rswlrq wr uhixvh wr jlyh jliwv wr wkrvh zkr ryhukduyhvw wkh
FSU/ zkhuhdv wkhuh lv qr vxfk srvvlelolw| lq wkh Xqolqnhg wuhdwphqw1 E| frpsdulqj wkhvh
￿
Qrwh wkdw vhohfwlyh h{foxvlrq lv zlwk uhvshfw wr +yroxqwdu|, frrshudwlrq lq wkh dowhuqdwlyh hfrqrplf
dfwlylw|> lw grhv qrw uhihu wr ghq|lqj lqglylgxdov wkh uljkw ri dffhvv wr wkh uhvrxufh/ dv wklv lv yhu| riwhq
qrw ohjdo2ihdvleoh lq sudfwlfh +PfFduwk| hw do1 ^46`,1
6wzr wuhdwphqwv/ zh fdq dvvhvv wkh yldelolw| ri wkh vhohfwlyh h{foxvlrq phfkdqlvp dqg lwv
hhfw rq wkh h!flhqf| ri FSU xvh1
Lq vrph uhvshfwv/ wkh h{foxvlrq phfkdqlvp zh vwxg| lv vlplodu wr wkh shfxqldu| sxq0
lvkphqw phfkdqlvp1 Wkh prvw lpsruwdqw vlplodulw| lv wkdw lq rughu wr eh hhfwlyh/ erwk
phfkdqlvpv uhtxluh wkh suhvhqfh ri uhflsurfdo lqglylgxdov1 Lq wkh odwwhu phfkdqlvp/ wklv
lv ehfdxvh lw lv qrw rqo| frvwo| wr uhfhlyh vdqfwlrqv/ lw lv dovr frvwo| wr lpsrvh wkhp1 Wkdw
phdqv wkdw d vxemhfw lpsrvlqj sxqlvkphqwv dfwxdoo| surylghv d sxeolf jrrg/ dqg wkh
Qdvk htxloleulxp suhglfwlrq zkhq doo djhqwv duh dvvxphg wr eh sxuh prqh| pd{lpl}huv/
lv wkdw vdqfwlrqlqj zloo qhyhu wdnh sodfh1 D vlplodu olqh ri uhdvrqlqj krogv iru wkh vhohf0
wlyh h{foxvlrq phfkdqlvp/ zklfk uhtxluhv wkh suhvhqfh ri uhflsurfdo lqglylgxdov wr kdyh d
srvlwlyh qxpehu ri jliwv ehlqj glvwulexwhg> lq wkh devhqfh ri jliw0jlylqj/ wkhuh lv qr phdqv
wr vdqfwlrq rwkhu lqglylgxdov* ehkdylru hlwkhu1
Exw vhohfwlyh h{foxvlrq glhuv iurp shfxqldu| sxqlvkphqw lq wzr pdmru uhvshfwv1 Iluvw/
frqvlvwhqw zlwk uhdolw|/ zh dvvxph wkdw jlylqj jliwv lv frvwo|1 Wkdw phdqv wkdw wkh ghflvlrq
pdnhu lv vdylqj prqh| zkhq ghflglqj wr vdqfwlrq d iuhh ulghu e| uhixvlqj wr jlyh d jliw/
zkhuhdv vdqfwlrqlqj lv frvwo| lq wkh shfxqldu| sxqlvkphqw phfkdqlvp1 Vhfrqg/ shfxqldu|
sxqlvkphqw lv lqvwdqwdqhrxv dqg lv qrw olnho| wr eh pdlqwdlqhg ryhu pxowlsoh shulrgv xqohvv
wkh shuvrq sxqlvkhg shuvlvwv lq dfwlqj qrq0frrshudwlyho| zlwk uhvshfw wr FSU h{wudfwlrq1
Krzhyhu/ lq rxu h{foxvlrq phfkdqlvp/ wuxvw grhv sod| d uroh dqg khqfh ylrodwlqj lw pd|
kdyh shuvlvwhqw hhfwv1 Li pxwxdoo| ehqhfldo frrshudwlrq lq wkh jliw0jlylqj jdph lv vhyhuhg
ehfdxvh rqh lqglylgxdo vdqfwlrqv qrq0frrshudwlyh h{wudfwlrq ehkdylru e| wkh rwkhu/ lw pd|
eh gl!fxow wr uh0hvwdeolvk wkh jliw0jlylqj uhodwlrqvkls odwhu rq/ dqg wklv lv olnho| wr surylgh
d odujhu wkuhdw wkh pruh surwdeoh jliwv duh1 Wkhvh wzr fkdudfwhulvwlfv vxjjhvw wkdw vhoi0
uhjxodwlrq e| phdqv ri vhohfwlyh h{foxvlrq lv h{shfwhg wr eh yhu| hhfwlyh lq lqgxflqj
frrshudwlyh ehkdylru/ dv lv/ iru wkdw pdwwhu/ wkh shfxqldu| sxqlvkphqw lqvwlwxwlrq +h1j1
Dqguhrql dqg Ploohu ^4`/ I hku dqg Jçfkwhu ^;`/ Rvwurp hw do1 ^48` dqg ^49`,1
Krzhyhu/ wkh lghd wkdw shhu hqirufhphqw e| phdqv ri fhdvlqj frrshudwlrq rffxuv qdw0
xudoo| zlwklq d frppxqlw| lv qrw vhoi0hylghqw/ dqg qhlwkhu lv wkh vwdwhphqw zlwk uhvshfw wr
wkh lpsdfw ri surwdelolw| ri jliw h{fkdqjh1 Vdqfwlrqlqj +e| uhixvlqj wr jlyh jliwv, fdq vwloo
eh frvwo| li wkh sxqlvkhg lqglylgxdo hlwkhu ylhzv wkh rwkhu shuvrq*v uhixvdo wr jlyh jliwv dv
7ehlqj xqidlu/ ru wulhv wr ghwhu ixwxuh vdqfwlrqlqj1 Lq wkhvh fdvhv/ wkh sxqlvkhg lqglylgxdo
pd| uhwdoldwh dqg uhixvh wr jlyh jliwv wr wkh csxqlvkhu* lq wkh qh{w shulrg/ dqg frrshud0
wlrq lq wkh jliw0jlylqj jdph pd| xqudyho1 Wkdw phdqv wkdw srwhqwldo qrup hqirufhuv pd|
fkrrvh wr uhiudlq iurp lpsrvlqj wkh vdqfwlrq lq rughu qrw wr mhrsdugl}h wkh jliw0jlylqj
uhodwlrqvkls1 I urp wklv shuvshfwlyh/ sxqlvklqj iuhh ulghuv lq wkh vrfldo glohppd lv d sxeolf
jrrg/ dv lv wkh fdvh lq wkh shfxqldu| sxqlvkphqw h{shulphqwv1 Lq wklv oljkw/ lw pd| dfwx0
doo| eh wkh fdvh wkdw fhdvlqj frrshudwlrq lv ohvv olnho| wr rffxu wkh pruh surwdeoh lv wkh
dowhuqdwlyh dfwlylw|/ ehfdxvh lqglylgxdov duh ohvv zloolqj wr ulvn mhrsdugl}lqj oxfudwlyh jliw
h{fkdqjh rssruwxqlwlhv wr rewdlq uhodwlyho| vpdoo h!flhqf| jdlqv lq wkh vrfldo glohppd1
Wkxv/ lw ghshqgv rq +wkh eholhiv ri rwkhuv derxw, hdfk vxemhfw*v uhvsrqvh wr rwkhuv*
fhdvlqj frrshudwlrq zkhwkhu +l, shhu hqirufhphqw dfwxdoo| rffxuv lq rxu h{shulphqw/ +ll,
wkh frppxqlw| wuhdwphqw +wkh Olqnhg wuhdwphqw, rxwshuirupv wkh glvmrlqw jurxs h{shul0
phqw +wkh Xqolqnhg wuhdwphqw, lq whupv ri h!flhqf| ri FSU xvh/ dqg +lll, FSU h!flhqf|
lv kljkhu wkh pruh surwdeoh wkh jliw0jlylqj jdph1 Z h vruw rxw wkhvh dujxphqwv e| frq0
vwuxfwlqj d 5{5 ghvljq/ wkh wuhdwphqw yduldeohv ehlqj olqnlqj +zkhwkhu ru qrw wkh wzr
frqvwlwxhqw jdphv duh sod|hg zlwk wkh vdph jurxs ri lqglylgxdov,/ dqg wkh frvwv ri sur0
ylglqj jliwv +zklfk fdq eh hlwkhu kljk ru orz,1
Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq 5 zh suhvhqw wkh prgho/
irupxodwh wkh vwdqgdug jdph wkhruhwlf suhglfwlrqv dv zhoo dv rxu ehkdylrudo k|srwkhvhv/
dqg eulh | glvfxvv wkh uhohydqw ghwdlov ri wkh h{shulphqw*v ghvljq1 Wkh gdwd duh dqdo|}hg
lq vhfwlrqv 6 dqg 7/ dqg vhfwlrq 8 frqfoxghv1
5 Wkh prgho/ h{shulphqw ghvljq dqg k|srwkhvhv
514 Wkh prgho




1 Lq hdfk urxqg ri wklv
vwdjh jdph/ wzr jdphv duh sod|hg vhtxhqwldoo|/ d vwdqgdug vwdwlf Frpprq Srro Uhvrxufh
jdph +fi1 Rvwurp hw do1 ^48`, dqg d wzr0vlghg yhuvlrq ri wkh vwdqgdug jliw0jlylqj jdph




/ uhvshfwlyho|1 Wkh qryhow|





zh h{soruh wkh frqvhtxhqfhv ri olqnlqj wkh wzr1




lv sod|hg/ W / lv nqrzq wr doo h{shulphqw
sduwlflsdqwv1 Hdfk sduwlflsdqw sod|v erwk jdphv lq d jurxs ri Q sod|huv/ exw wkh jurxs









1 Glhuhqfhv lq jurxs frpsrvlwlrq lv/ lq idfw/ d wuhdwphqw yduldeoh/ dv lv wkh





Iluvw/ ohw xv frqvlghu jdph K
￿
1 Lq hdfk shulrg/ doo Q lqglylgxdov pxvw glylgh d {hg
hqgrzphqw ri hruw/ h/ ehwzhhq FSU h{wudfwlrq dqg dq dowhuqdwlyh hpsor|phqw +wkh









,1 Wkh rxwvlgh rswlrq |lhogv
d {hg shu0xqlw zdjh udwh/ z1 Zkhq h{wudfwlqj/ wkh lqglylgxdo djhqwv lqfxu frvwv wkdw
duh olqhdu lq h{wudfwlrq hruw> pdujlqdo frvw duh frqvwdqw dqg htxdo wr y1 Wkh jurxs*v
uhyhqxhv lq shulrg w/ U
￿






























,1 Khqfh/ vxemhfw l*v sd|r lq jdph K
￿


































zlwk D  y  z A f1
Wkh vrfldoo| rswlpdo h{wudfwlrq hruw ohyho lq jdph K
￿
lv wkh rqh wkdw pd{lpl}hv
wkh xqzhljkwhg vxp ri wkh Q jurxs phpehuv* sd|rv dv ghqhg lq +4,1 Wudqvihuv duh
qrw ihdvleoh dqg doo vxemhfwv duh krprjhqrxv1 Wkhuhiruh/ wkh htxlwdeoh vrfldoo| rswlpdo
h{wudfwlrq hruw ohyho lv {
￿
' ED  y  z@2Q E=
Dvvxplqj wkdw vxemhfwv duh udwlrqdo dqg dlp wr pd{lpl}h wkhlu rzq sd|rv/ xvhu l*v
























( l> m 5 D
￿
, dv




























li Q A / wkh FSU jdph srvhv d vrfldo glohppd1
Lq wkh wzr0vlghg vlpxowdqhrxv jliw0jlylqj jdph K
￿
/ hdfk vxemhfw pdnhv Q   elqdu|













' f, ghqrwh wkdw lqglylgxdo l jlyhv +grhv qrw jlyh, d jliw wr lqglylgxdo
m Em 9' l( l> m 5 D
￿
 lq shulrg w1 Jlylqj jliwv lv frvwo| wr wkh shuvrq surylglqj wkh
jliw/ dqg lw |lhogv ehqhwv wr wkh jliw uhflslhqw rqo|1 Wkh frvwv ri jlylqj d jliw wr dq
dgglwlrqdo vxemhfw duh frqvwdqw dqg htxdo wr f Ef A f/ dqg khqfh wkh wrwdo jliw0jlylqj













1 Lqglylgxdo l*v ehqhwv















￿ E= A f> e
￿
￿ E= ? f

1 Lqglylgxdo l*v sd|r lq wkh jdph K
￿

































































Z h dvvxph wkdw eEf ' f dqg lpsrvh wkdw wkh jliw0jlylqj dfwlylw| lv h!flhqf|0lpsurylqj
ryhu wkh zkroh udqjh ri ihdvleoh jliwv/ e
￿ E1  f1 Lq dgglwlrq/ zh dvvxph wkdw EQ  f ?
eE1 Wklv dvvxpswlrq vhohfwv d fodvv ri jliw0jlylqj jdphv zkhuh lw lv uhodwlyho| fkhds wr
vhdufk iru d sduwqhu= li rqh jlyhv d jliw wr hdfk ri wkh Q   rwkhu jurxs phpehuv lq d
sduwlfxodu urxqg/ wkh qhw sd|r lv srvlwlyh li rqh uhfhlyhv d jliw iurp dw ohdvw rqh ri wkhp
lq wkdw urxqg1
Vrfldo zhoiduh pd{lpl}dwlrq lq wkh jliw0jlylqj jdph lpsolhv pd{lpl}lqj wkh xqzhljkwhg
vxp ri wkh lqglylgxdo sd|rv dv ghqhg lq +5,1 Ehfdxvh e
￿ E=  f/ vrfldo zhoiduh lv pd{l0




iru doo l> m 5 D
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￿ ' Q EQ  1 Krzhyhu/ d sd|0r pd{lpl}lqj lqglylgxdo
dfnqrzohgjhv wkdw jlylqj jliwv lv frvwo| dqg |lhogv qr gluhfw ehqhw1 Khqfh/ wkh xqltxh






iru doo l> m 5 D
￿
> l 9' m1
Wkh rughu ri pryhv dqg lqirupdwlrq lv dv iroorzv1 Lq hdfk urxqg w/ jdph K
￿
lv sod|hg
uvw1 Hdfk sod|hu l 5 D
￿




5 df> ho= Wkhq/ wkh sod|huv
lq wkh jurxs D
￿
duh lqiruphg derxw wkh h{wudfwlrq hruw ghflvlrqv ri wkh Q   rwkhu





( m 9' l> l> m 5 D
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doo l 5 D
￿
1 Qh{w/ hdfk sod|hu sduwlflsdwhv lq wkh jliw0jlylqj jdph/ dqg djdlq lqwhudfwv
zlwk Q   rwkhu sod|huv/ uhihuuhg wr dv jurxs D
￿
/ zkr pd| ru pd| qrw eh wkh vdph
lqglylgxdov vkh kdv lqwhudfwhg zlwk lq jdph K
￿






5 if> j iru doo
:Yduldeoh Ghvfulswlrq Jdph Ydoxh










h hruw hqgrzphqw K
￿
46
z zdjh shu xqlw ri hruw doorfdwhg wr wkh rxwvlgh rswlrq K
￿
318
D sdudphwhu ri wkh uhvrxufh uhyhqxh ixqfwlrq K
￿
4418
E sdudphwhu ri wkh uhvrxufh uhyhqxh ixqfwlrq K
￿
3148
y shu xqlw frvw ri hruw lq uhvrxufh h{wudfwlrq K
￿
5
f shu xqlw frvw ri jliwv K
￿
5 ru 7
eEf ehqhwv ri uhfhlylqj d jliw iurp 3 lqglylgxdov K
￿
3
eE ehqhwv ri uhfhlylqj d jliw iurp 4 lqglylgxdo K
￿
53
eE2 ehqhwv ri uhfhlylqj d jliw iurp 5 lqglylgxdov K
￿
63
eE ehqhwv ri uhfhlylqj d jliw iurp 6 lqglylgxdov K
￿
69
eEe ehqhwv ri uhfhlylqj d jliw iurp 7 lqglylgxdov K
￿
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W deoh 4= H{shulphqw sdudphwhul}dwlrq
m 9' l +l> m 5 D
￿
,1 Wkhq kh2vkh lv lqiruphg derxw zkhwkhu kh2vkh uhfhlyhg d jliw ri hdfk







> m 9' l/ l> m 5 D
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￿ , rewdlqhg e| hdfk lqglylgxdo lq jurxs D
￿
1 Wkh sdudphwhu ydoxhv wkdw zhuh xvhg lq
wkh h{shulphqw duh suhvhqwhg lq wdeoh 4/ dqg wkh dvvrfldwhg xqltxh Qdvk htxloleuld dqg
vrfldo rswlpd duh suhvhqwhg lq wdeoh 51
515 Wkh irxu wuhdwphqwv
Z h lpsohphqw wkh h{shulphqw xvlqj d 5{5 ghvljq1 Rqh ghvljq yduldeoh lv zkhwkhu lq0
glylgxdov lqwhudfw zlwk wkh vdph jurxs ri lqglylgxdov lq erwk wkh FSU dqg jliw0jlylqj
jdphv dqg duh deoh wr prqlwru wkhlu ihoorz jurxs phpehuv* dfwlrqv lq erwk jdphv +wkh
Olqnhg wuhdwphqwv,/ ru qrw +wkh Xqolqnhg wuhdwphqwv,1 Wklv lv lpsohphqwhg dv iroorzv1




/ dqg hdfk lqglylgxdo jurxs phpehu lv dvvljqhg d
xqltxh lghqwlhu zklfk lv dqqrxqfhg wrjhwkhu zlwk hdfk dfwlrq wklv lqglylgxdo wdnhv lq




1 Krzhyhu/ dv dfwxdo ode vsdfh grhv qrw













hdfk lqglylgxdo sduwlflsdqw l lv dvvljqhg wzr lghqwlhuv/ rqh wr lghqwli| klp2khu lq wkh
FSU jdph +l
￿







Wkh vhfrqg ghvljq yduldeoh lv wkh frvw ri jlylqj d jliw/ zklfk lv hlwkhu kljk Ef ' e> lq
wkh Kljk frvw wuhdwphqwv, ru orz Ef ' 2> lq wkh Orz frvw wuhdwphqwv, dqg khqfh dhfwv
;Yduldeoh Ghvfulswlrq Jdph Ydoxh
{
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Qdvk htxloleulxp sd|r wr uhfhlylqj jliwv K
￿
3
W deoh 5= Vrfldoo| rswlpdo dqg Qdvk htxloleulxp ohyhov ri doo yduldeohv ri wkh vwdjh jdph1
wkh uhodwlyh surwdelolw| ri wkh FSU dqg jliw0jlylqj jdphv1
516 K|srwkhvhv




kdv d xqltxh vxejdph shuihfw Qdvk htxloleulxp lq doo irxu wuhdwphqwv1 Ehfdxvh wkh jdph
lv uhshdwhg d qlwh qxpehu ri wlphv/ edfnzdug lqgxfwlrq glfwdwhv wkdw wkh Qdvk htxloleuld
ri wkh frqvwlwxhqw jdphv ghvfulehg deryh zloo dsso| lq hdfk vlqjoh urxqg ri wkh uhshdwhg
jdph1 Wklv lv vxppdul}hg lq wkh iroorzlqj k|srwkhvlv=
Vwdqgdug k|srwkhvlv Vxemhfwv ehkdyh dv udwlrqdo/ rzq sd|r0pd{lpl}lqj sod|huv/ dqg
h{shfw wkdw rwkhuv duh dovr prwlydwhg h{foxvlyho| e| rzq pdwhuldo sd|rv1 Wkh|
dsso| edfnzdug lqgxfwlrq1 Ehfdxvh wkh vwdjh jdph frqvlvwlqj ri wkh frpprq srro
jdph dqg wkh jliw0jlylqj jdph lv uhshdwhg d qlwh qxpehu ri wlphv/




dqg jlyh qr jliwv lq doo urxqgv ri erwk
wkh Olqnhg dqg Xqolqnhg wuhdwphqwv>
 wkh uhvxowlqj h!flhqf| lq wkh FSU jdph dv zhoo dv lq wkh jliw0jlylqj jdph lv
htxdoo| orz lq erwk wuhdwphqwv> dqg
 wkh deryh suhglfwlrqv duh lqghshqghqw ri wkh frvwv ri jlylqj jliwv1














' f iru doo
l ' > ==> Q> l 9' m lq doo urxqgv ri wkh h{shulphqw/ dqg khqfh hdfk lqglylgxdo*v sd|r lv



























lq doo urxqgv ri wkh h{shulphqw1
Krzhyhu/ prqh| pd{lpl}dwlrq pd| qrw eh dq dffxudwh ghvfulswlrq ri lqglylgxdo suhi0
huhqfhv1 Lqghhg/ suhylrxv h{shulphqwv vxjjhvw wkdw d vxevwdqwldo sduw ri pdqnlqg kdv
uhflsurfdo suhihuhqfhv +iru d uhfhqw ryhuylhz/ vhh Ihku dqg Jçfkwhu ^:`,1 Zkhq pdnlqj
ghflvlrqv/ d uhflsurfdo lqglylgxdo fkrrvhv dfwlrqv wkdw lqfuhdvh +ghfuhdvh, wkh sd|rv ri
wkrvh zkr fkrrvh dfwlrqv wkdw lqfuhdvh +ghfuhdvh, klv2khu sd|r1 Wkhru| suhglfwv wkdw
wkh suhvhqfh ri uhflsurfdo lqglylgxdov lq wkh vxemhfw srro fdq kdyh d fuxfldo lq xhqfh rq
krz wkh FSU jdph lv sod|hg> vhh Idon hw do1 ^9`1 Ohw xv dgguhvv krz wkh suhvhqfh ri
uhflsurfdo lqglylgxdov pljkw pdnh d glhuhqfh lq wkh qlwho| uhshdwhg jdph frqvlvwlqj ri
wkh frpprq srro jdph dqg wkh jliw0jlylqj jdph1
Iluvw/ frqvlghu wkh Xqolqnhg wuhdwphqw1 Uhflsurfdo lqglylgxdov jlyh d jliw wr dq|
vxemhfw iurp zkrp wkh| h{shfw wr uhfhlyh d jliw1 Zkhq wkh| uhfhlyh d jliw lq rqh shulrg
wkh| zloo vhqg rqh edfn lq wkh qh{w1 Krzhyhu/ lw lv qrw mxvw wkh wuxo| uhflsurfdo lqglylgxdov
zkr zloo uhwxuq wkh jliw> vwudwhjlf prqh| pd{lpl}huv pd| gr wkh vdph1 Vwudwhjlf prqh|
pd{lpl}huv uhdol}h wkdw hvwdeolvklqj d jliw0jlylqj uhodwlrqvkls lv kljko| surwdeoh lq wkh
phglxp uxq/ exw dovr wkdw ghihfwlrq |lhogv rqh0vkrw ehqhwv1 Wkhuhiruh/ wkh| pd| fkrrvh
wr lplwdwh wkh uhflsurfdo lqglylgxdov* ehkdylru lq doo exw wkh odvw urxqg/ wkxv exloglqj d
uhsxwdwlrq iru ehlqj frrshudwlyh +vhh Dqguhrql dqg Ploohu ^4`,1
Wkhuhiruh/ iurp wkh wkuhh w|shv frqvlghuhg khuh/ rqo| sxuh prqh| pd{lpl}huv zkr
dsso| edfnzdug lqgxfwlrq dqg gr qrw frqvlghu wkh srvvlelolw| ri wkh suhvhqfh ri uhflsurfdo
lqglylgxdov uhixvh wr jlyh jliwv1 Uhfdoo dovr wkdw lq wkh jliw0jlylqj jdph/ zh lpsrvh wkdw
wkh ehqhwv ri uhfhlylqj rqh jliw duh vwulfwo| odujhu wkdq wkh wrwdo frvwv lqfxuuhg zkhq
jlylqj d jliw wr hdfk ri wkh Q   rwkhu jurxs phpehuv +eE A f dQ  o,1 Wkhuhiruh/
hyhq wkrxjk d vxemhfw grhv qrw nqrz wkh suhihuhqfhv ri klv2khu jurxs phpehuv/ lw lv
vx!flhqw li kh2vkh eholhyhv wkdw wkhuh lv dw ohdvw rqh rwkhu uhflsurfdo lqglylgxdo lq wkh
jurxs wr h{shfw d vwulfwo| srvlwlyh sd|r iurp cwhvwlqj wkh zdwhu* e| vhqglqj d jliw wr
doo rwkhu jurxs phpehuv lq wkh uvw shulrg ri wkh jdph1 Vr/ lqlwldwlqj jliw h{fkdqjh lv
43idflolwdwhg dv lw lv surwdeoh hyhq xqghu frqvlghudeoh +lqlwldo, xqfhuwdlqw| derxw rwkhuv*
suhihuhqfhv1 Wkdw phdqv wkdw lq rxu h{shulphqw/ elodwhudo jliw h{fkdqjh lv olnho| wr dulvh
dprqj uhflsurfdo lqglylgxdov dqg vwudwhjlf prqh| pd{lpl}huv zkr duh qrw wrr shvvlplvwlf
derxw wkh suhvhqfh ri rwkhu uhflsurfdwruv lq wkh jurxs1
Zkhuhdv wkh jliw0jlylqj jdph doorzv iru gluhfw elodwhudo uhflsurflw|/ wkh FSU jdph grhv
qrw> hdfk lqglylgxdo fdq fkrrvh rqo| rqh h{wudfwlrq hruw ohyho lq hdfk urxqg1 Wklv lv zk|
sxuh prqh| pd{lpl}huv kdyh d fuxfldo lpsdfw rq krz wkh FSU jdph hyroyhv +vhh dovr
Idon hw do1 ^9`,1 Vxssrvh wkdw jurxs D
￿
frqvlvwv ri Q   uhflsurfdo lqglylgxdov/ dqg rqh
sxuh prqh| pd{lpl}hu1 Wkh uhflsurfdo lqglylgxdov vwduw r vhohfwlqj wkh vrfldoo| rswlpdo
h{wudfwlrq hruw ohyho/ dqg wkh sxuh prqh| pd{lpl}hu fdofxodwhv klv2khu ehvw0uhvsrqvh
ohyho1 Khqfh wkh sxuh prqh| pd{lpl}hu*v sd|r lv odujhu wkdq wkdw ri wkh uhflsurfdo
lqglylgxdov1 Wkh rqo| zd| uhflsurfdo lqglylgxdov fdq vdqfwlrq wkh sxuh prqh| pd{lpl}hu*v
ehkdylru lv e| lqfuhdvlqj wkhlu h{wudfwlrq hruw> wkh| pd| ehkdyh hyhq pruh djjuhvvlyho|
wkdq wkh sxuh prqh| pd{lpl}hu wr irufh klp2khu wr uhgxfh klv2khu h{wudfwlrq hruw1
Krzhyhu/ dv vrrq dv wkh uhflsurfdo lqglylgxdov uhgxfh wkhlu h{wudfwlrq hruw wrzdugv wkh
vrfldoo| rswlpdo ohyho/ wkh sxuh prqh| pd{lpl}hu*v ehvw uhvsrqvh lv wr djdlq lqfuhdvh






Wkdw phdqv wkdw rxu dowhuqdwlyh k|srwkhvlv/ zklfk wdnhv lqwr dffrxqw wkh suhvhqfh
ri uhflsurfdo lqglylgxdov/ lv vwloo gluh zlwk uhvshfw wr wkh FSU jdph lq wkh Xqolqnhg
wuhdwphqw1 Krzhyhu/ lq wkh Olqnhg wuhdwphqw/ wkhuh lv vfrsh iru elodwhudo uhflsurflw| dfurvv
wkh wzr jdphv1 Khuh/ wkh ghflvlrq zkhwkhu ru qrw wr jlyh d jliw wr dqrwkhu lqglylgxdo pd|
qrw rqo| ghshqg rq zkhwkhu rqh h{shfwv wkdw lqglylgxdo wr jlyh d jliw lq uhwxuq/ exw dovr
rq wkdw lqglylgxdo*v h{wudfwlrq ehkdylru lq wkh FSU jdph1 Lq rwkhu zrugv/ iuhh0ulglqj
lq wkh vrfldo glohppd vlwxdwlrq fdq eh sxqlvkhg e| zlwkkroglqj jliwv lq wkh jliw0jlylqj
jdph1 Li uhfhlylqj jliwv lv vx!flhqwo| surwdeoh/ wkh wkuhdw ri qrw uhfhlylqj jliwv pd| ghwhu
iuhh0ulglqj lq wkh FSU jdph1
Krz vhulrxvo| wkh wkuhdw ri ehlqj vdqfwlrqhg dfwxdoo| lv/ pd| ghshqg rq zkhwkhu
wkh frvwv ri surylglqj d jliw duh kljk/ ru orz1 Kljkhu frvwv ri surylglqj jliwv lpso| d
odujhu gluhfw frvw vdylqj zkhq lpsrvlqj d vdqfwlrq +e| zlwkkroglqj d jliw,1 Exw kljkhu
44frvwv dovr lpso| wkdw wkh h{shfwhg ehqhwv iurp vhqglqj d jliw idoov/ dqg khqfh zh h{shfw
orzhu lqflghqfhv ri jliw h{fkdqjh1 Wklv/ lq wxuq/ gloxwhv wkh lqfhqwlyhv iru wkh vwudwhjlf
prqh|0pd{lpl}huv wr lplwdwh wkh uhflsurfdwruv/ dqg/ lq dgglwlrq/ revfxuhv wkh frqqhfwlrq
ehwzhhq rzq h{wudfwlrq ehkdylru dqg wkh qxpehu ri jliwv uhfhlyhg1 Lv d idoo lq wkh qxpehu
ri jliwv uhfhlyhg d vdqfwlrq rq sdvw h{fhvvlyh h{wudfwlrq ehkdylru/ ru lv lw mxvw wkdw rwkhu
sod|huv vwudwhjlfdoo| ghihfwB Wkh uhgxfhg fodulw| ri wkh prwlydwlrq ehklqg zlwkkroglqj
jliwv pd| ghfuhdvh d vdqfwlrqhg lqglylgxdo*v zloolqjqhvv wr lqfxu frvwv wr pdlqwdlq wkh
jliw0h{fkdqjh uhodwlrqvkls/ erwk lq whupv ri uhgxflqj h{wudfwlrq hruw dv zhoo lq whupv ri
frqwlqxlqj vhqglqj jliwv wr rwkhuv1 Wkhuhiruh/ zh h{shfw wkdw kljkhu frvwv ri vhqglqj d
jliw uhvxow lq erwk orzhu h!flhqf| lq wkh jliw0jlylqj jdph +lq erwk wuhdwphqwv, dqg orzhu
h!flhqf| lq wkh FSU jdph +lq wkh Olqnhg wuhdwphqw rqo|,1
Edvhg rq wkh deryh glvfxvvlrq/ rxu dowhuqdwlyh k|srwkhvlv dffrxqwlqj iru wkh uhflsurfdo
lqglylgxdov suhvhqw +dqg h{shfwhg wr eh suhvhqw, lq wkh vxemhfw srro lv dv iroorzv=
Uhflsurflw| k|srwkhvlv= Uhflsurfdo lqglylgxdov duh suhvhqw dqg2ru eholhyhg wr eh suhvhqw
lq wkh vxemhfw srro1 Wkhuhiruh/
 wkh h!flhqf| ri wkh FSU xvh lv zhdno| kljkhu wkdq suhglfwhg e| wkh Vwdqgdug
k|srwkhvlv lq wkh Olqnhg wuhdwphqw/ exw htxdo wr wkh ohyho lw suhglfwv lq wkh
Xqolqnhg wuhdwphqw>
 jliwv duh jlyhq erwk lq wkh Olqnhg dqg lq wkh Xqolqnhg wuhdwphqw/ uhvxowlqj lq
kljkhu h!flhqf| wkdq suhglfwhg e| wkh Vwdqgdug k|srwkhvlv>
 wkh kljkhu wkh frvw ri jlylqj d jliw/ wkh orzhu wkh h!flhqf| lq wkh jliw0jlylqj
jdph lq erwk wkh Olqnhg dqg Xqolqnhg wuhdwphqwv>
 wkh kljkhu wkh frvw ri jlylqj d jliw/ wkh orzhu wkh h!flhqf| lq wkh FSU jdph
lq wkh Olqnhg wuhdwphqw1
Wkxv/ wkh srvvlelolw| wr frqglwlrq rqh*v ehkdylru lq wkh jliw0jlylqj jdph rq wkh ehkdylru
ri rwkhuv lq wkh FSU jdph pd| lpsuryh h!flhqf| lq wkh FSU jdph deryh wkh Qdvk
htxloleulxp suhglfwlrq lq wkh Olqnhg wuhdwphqw1 Wkh frvwv ri jliw0jlylqj dhfw wkh h{whqw
wr zklfk wkh Olqnhg wuhdwphqw*v h!flhqf| ri FSU xvh h{fhhgv wkdw ri wkh Xqolqnhg
wuhdwphqw1
45517 H{shulphqwdo ghvljq
Lq wkh Vsulqj vhphvwhu ri 5336/ zh udq hljkw h{shulphqwdo vhvvlrqv dw Wloexuj Xqlyhuvlw|/
wkh Qhwkhuodqgv1 I ru hdfk ri wkh irxu wuhdwphqwv/ zh froohfwhg gdwd rq lqglylgxdo ehkdylru
lq ; jurxsv ri 8 vxemhfwv1 Lq wrwdo/ 493 vxemhfwv sduwlflsdwhg/ dqg wkh| zhuh vwxghqwv lq
hfrqrplfv/ odz/ ru exvlqhvv1 Wkh odqjxdjh ri wkh h{shulphqwv zdv Hqjolvk> doo lqvwuxfwlrqv
zhuh uhdg dorxg e| wkh h{shulphqwhuv1
￿
Wkh h{shulphqwv zhuh ixoo| frpsxwhul}hg> wkh
vriwzduh zdv surjudpphg xvlqj }0W uhh +Ilvfkedfkhu ^<`,1
Doo ghflvlrqv lq wkh h{shulphqw zhuh irupxodwhg lq d qhxwudo odqjxdjh1 Z h uhihuuhg wr
wkh vwdjh jdph dv cshuiruplqj wzr wdvnv*1 Wkh cuvw wdvn* uhsuhvhqwv wkh FSU jdph/ dqg
zdv iudphg dv wkh ghflvlrq krz wr glylgh dq hqgrzphqw ri 46 k|srwkhwlfdo h{shulphqwdo
xqlwv fdoohg wrnhqv ehwzhhq wzr rswlrqv/ rqh lq zklfk rqh*v sd|r +phdvxuhg lq srlqwv,
ghshqgv rq rqh*v rzq ghflvlrq dv zhoo dv rq wkh ghflvlrqv ri wkh rwkhu jurxs phpehuv +l1h1/
wkh h{wudfwlrq iurp frpprq srro, dqg wkh rwkhu lq zklfk rqh*v sd|r ghshqgv sxuho| rq
rqh*v rzq ghflvlrq1 Z h h{solflwo| srlqwhg rxw wkh v|pphwulf vrfldoo| rswlpdo h{wudfwlrq
ohyho wr doorz wkh vxemhfwv wr irfxv rq wkh vrfldo glohppd dvshfw ri wkh jdph udwkhu wkdq
rq vhdufklqj iru wkh vrfldo rswlpxp1
￿
W r dvvlvw sduwlflsdqwv lq pdnlqj wkhlu ghflvlrqv zlwk
uhvshfw wr wkh doorfdwlrq ri wrnhqv/ zh surylghg wkhp zlwk d sd|r wdeoh1 Wkh jliw0jlylqj
jdph zdv uhihuuhg wr dv wkh cvhfrqg wdvn*/ dqg zdv iudphg dv wkh ghflvlrq zkhwkhu ru
qrw wr vhqg d {hg qxpehu ri srlqwv +vxewudfwhg iurp wkh vxemhfw*v fxpxodwlyh hduqlqjv,
wr hdfk ri wkh rwkhu sduwlflsdqwv lq wkh jurxs1 Wkh klvwru| ri hdfk ri wkh wzr jdphv
+h{wudfwlrq hruw dqg jliw0jlylqj ghflvlrqv ri wkh ihoorz sduwlflsdqwv wkh vxemhfw lqwhudfwv
zlwk, zdv dydlodeoh rq wkh frpsxwhu vfuhhq1 Wkh h{shulphqw odvwhg derxw 5 krxuv/ dqg
sduwlflsdqwv hduqhg rq dyhudjh 4<163 Hxur +lqfoxglqj 8 Hxur sduwlflsdwlrq ihh,1
￿
 
Doo lqvwuxfwlrqv/ frpsxwhu vfuhhqvkrwv/ dqg wkh vriwzduh duh dydlodeoh xsrq uhtxhvw1
!
Wkh uhohydqw sduw ri wkh lqvwuxfwlrqv uhdgv dv iroorzv= Z h zrxog olnh wr gudz |rxu dwwhqwlrq wr wkh
idfw wkdw dv d jurxs/ |rx dqg wkh rwkhu jurxs phpehuv dv d jurxs fdq hduq wkh pd{lpxp qxpehu ri
srlqwv li hdfk jurxs phpehu sxwv 9 wrnhqv lq rswlrq 41 Qrwh/ krzhyhu/ wkdw li hyhu| rwkhu jurxs phpehu
sxwv 9 wrnhqv lq rswlrq 4 +wkdw phdqv wkdw wkh rwkhuv sxw wrjhwkhu 7 wlphv 9 @ 57 wrnhqv lq rswlrq 4,/ lw
lv ehvw iru |rx wr sxw doo |rxu 46 wrnhqv lq rswlrq 41 Sohdvh/ yhuli| wklv lq wkh wdeoh qrz1 Wkhuhiruh zh
uhplqg |rx wkdw |rx dqg wkh rwkhu jurxs phpehuv fdq hduq wrjhwkhu wkh pd{lpxp srvvleoh qxpehu ri
srlqwv lq dq| urxqg e| sxwwlqj 9 wrnhqv lq rswlrq 4 dqg wuxvwlqj wkdw wkh rwkhuv gr wkh vdph1
"
Ehiruh sduwlflsdwlqj lq wkh h{shulphqw/ hdfk vxemhfw ixooohg d vrfldo ydoxdwlrq wdvn1 Wklv wdvn frqvlvwv
ri vhohfwlqj d frpelqdwlrq ri d qxpehu ri srlqwv wkh ghflvlrq pdnhu uhfhlyhv khuvhoi/ dqg d qxpehu ri















Iljxuh 4= Dyhudjh jurxs h{wudfwlrq hruw lq wkh FSU jdph1
6 Gdwd dqdo|vlv
Wkh ehkdylru revhuyhg lq wkh h{shulphqwv lv vxppdul}hg lq jxuhv 4 dqg 5/ zklfk doorz xv
wr frpsduh djjuhjdwh h!flhqf| ehwzhhq wkh wzr wuhdwphqwv dqg wr ghwhuplqh wkh lpsdfw
ri wkh uhodwlyh surwdelolw| ri wkh jliw0jlylqj jdph rq wkh h!flhqf| ri FSU xvh1 Iljxuh 4
suhvhqwv wkh dyhudjh dprxqw ri h{wudfwlrq hruw lq urxqgv 4 wr 58/ dqg jxuh 5 suhvhqwv
wkh dyhudjh qxpehu ri jliwv jlyhq lq d jurxs lq urxqgv 4 wr 581
Z h qg wkdw wkh dyhudjh jurxs h{wudfwlrq hruw lv deryh wkh vrfldoo| rswlpdo ohyho lq
erwk wuhdwphqwv/ dqg lv derxw htxdo wr wkh Qdvk htxloleulxp suhglfwlrq lq wkh Xqolqnhg
lqfoxghg erwk srvlwlyh dqg qhjdwlyh qxpehuv ri srlqwv/ wkh odwwhu lpso|lqj wkdw srlqwv fdq dfwxdoo| eh
wdnhq dzd| iurp hlwkhu wkh ghflvlrq pdnhu ru iurp wkh rwkhu sduwlflsdqw1 Edvhg rq wkh frpelqdwlrq
fkrvhq/ zh fdq odeho sduwlflsdqwv dv lqglylgxdolvwlf +pd{lpl}lqj rzq sd|r/ jlylqj }hur srlqwv wr wkh
rwkhu shuvrq,/ sur0vrfldo +jlylqj d srvlwlyh qxpehu ri srlqwv wr wkh rwkhu shuvrq/ dw wkh h{shqvh ri wkh
qxpehu ri srlqwv wkh| uhfhlyh wkhpvhoyhv,/ ru vslwhixo +jlylqj d qhjdwlyh qxpehu ri srlqwv wr wkh rwkhu
shuvrq,1 Z h qg wkdw wkh srsxodwlrq frpsrvlwlrq lq wkh Olqnhg dqg Xqolqnhg wuhdwphqwv grhv qrw glhu
zlwk uhvshfw wr wklv phdvxuh ri rwkhu0uhjduglqj ehkdylru/ dqg wkhuhiruh doo glhuhqfhv revhuyhg lq wkh
h{shulphqw fdq eh dwwulexwhg wr wkh wuhdwphqw yduldeohv udwkhu wkdq wr vxemhfw vdpsolqj1 Wkh uhohydqw
sursruwlrqv ri lqglylgxdolvwlf/ sur0vrfldo dqg vslwhixo lqglylgxdov duh 5;( +5<(,/ 94( +8;(, dqg 44(
+47(, lq wkh Olqnhg +Xqolqnhg, wuhdwphqwv1 Wkhvh qxpehuv duh vlplodu wr wkh wkrvh irxqg lq rwkhu












Iljxuh 5= Dyhudjh qxpehu ri jliwv shu jurxs1
Wuhdwphqw Orz frvw Kljk frvw
Olqnhg 6:1<; 7713: s@313<6
Xqolqnhg 84198 8414< s@315:3
s@31335 s@31345
W deoh 6= Jurxs h{wudfwlrq hruw lq wkh FSU jdph/ dyhudjhg ryhu doo 58 urxqgv +s0ydoxhv
iru d 50vlghg Pdqq0Zklwqh| X0whvw> ; revhuydwlrqv shu fhoo,1
Wuhdwphqw Orz frvw Kljk frvw
Olqnhg 48156 4516< s@31448
Xqolqnhg 481:: 4515; s@3133<
s@318:< s@319:7
W deoh 7= Qxpehu ri jliwv shu jurxs/ dyhudjhg ryhu doo 58 urxqgv +s0ydoxhv iru d 50vlghg
Pdqq0Zklwqh| X0whvw> ; revhuydwlrqv shu fhoo,1
48wuhdwphqw +uhfdoo wkdw [
￿




' Df> vhh wdeoh 5,1 Krzhyhu/ lq wkh Olqnhg
wuhdwphqw/ dyhudjh jurxs h{wudfwlrq hruw lv forvhu wr wkh vrfldoo| rswlpdo ohyho/ hvshfldoo|
lq wkh hduolhu urxqgv ri wkh h{shulphqw1 Khqfh/ zh qg wkdw FSU xvh lv pruh h!flhqw
lq fdvh vxemhfwv lqwhudfw zlwk wkh vdph lqglylgxdov lq erwk jdphv/ wkdq li wkh| lqwhudfw
zlwk rqh jurxs ri lqglylgxdov lq wkh FSU jdph dqg zlwk d glhuhqw jurxs ri lqglylgxdov
lq wkh jliw0jlylqj jdph1 Wkdw wkh Olqnhg wuhdwphqw rxwshuirupv wkh Xqolqnhg wuhdwphqw
lq whupv ri h!flhqf| lv irxqg wr eh vwdwlvwlfdoo| vljqlfdqw dw wkh 5( ohyho ru ehwwhu> vhh
wdeoh 61 Wklv wdeoh suhvhqwv wkh dyhudjh h{wudfwlrq hruw ohyho ryhu doo 58 urxqgv iru wkh
irxu vhvvlrq w|shv/ dv zhoo dv wkh s0ydoxhv iru wkh uhohydqw sdluzlvh Pdqq0Zklwqh| X0whvwv1
Wklv wdeoh dovr vkrzv wkdw lq wkh Olqnhg wuhdwphqw/ wkh h!flhqf| lpsuryhphqw lq FSU
xvh dvvrfldwhg zlwk orz frvwv ri jlylqj jliwv/ lv vljqlfdqw/ doehlw dw wkh 43( ohyho rqo|1
Iljxuh 5 vkrzv wkdw lq erwk wuhdwphqwv dqg xqghu erwk frvw sdudphwhul}dwlrqv/ wkh
qxpehu ri jliwv surylghg lv idu deryh wkh Qdvk htxloleulxp suhglfwlrq ri }hur jliwv1 Lq wkh
orz frvw sdudphwhul}dwlrq/ wkh dyhudjh qxpehu ri jliwv zlwklq d jurxs lv hyhq idluo| forvh
wr wkh vrfldoo| rswlpdo ohyho +S
￿
' 2f> vhh wdeoh 5,1 Shukdsv vxusulvlqjo|/ wkh qxpehu ri
jliwv vhqw shu jurxs grhv qrw glhu ehwzhhq wkh wzr wuhdwphqwv> rq dyhudjh/ lw lv voljkwo|
orzhu lq wkh Olqnhg wuhdwphqw/ exw wkh glhuhqfhv duh qrw vljqlfdqw dv fdq eh vhhq iurp
wdeoh 71 Wklv wdeoh dovr vkrzv wkdw wkh wkh qxpehu ri jliwv surylghg lv orzhu wkh pruh
frvwo| lw lv/ dowkrxjk lq wkh Olqnhg wuhdwphqw wklv glhuhqfh lv vljqlfdqw dw wkh 4418(
rqo|1
Z h vxppdul}h wkhvh qglqjv lq wkh iroorzlqj wkuhh revhuydwlrqv=
Revhuydwlrq 4= Wkh dyhudjh qxpehu ri jliwv lq wkh jliw0jlylqj jdph h{fhhgv wkh Qdvk
htxloleulxp ohyho1 Wkh ohyho ri jliw0jlylqj uhpdlqv kljk wkurxjkrxw wkh jdph h{fhsw
iru wkh odvw ihz urxqgv1 Ixuwkhupruh/ wkh pruh h{shqvlyh wkh jliwv duh/ wkh ihzhu
duh jlyhq1
Revhuydwlrq 5= Wkh dyhudjh jurxs h{wudfwlrq hruw lq wkh FSU jdph lv ehorz wkh Qdvk
htxloleulxp ohyho lq wkh Olqnhg wuhdwphqw/ dqg lv htxdo wr +ru hyhq voljkwo| kljkhu
wkdq, wkh Qdvk htxloleulxp ohyho lq wkh Xqolqnhg wuhdwphqw1
Revhuydwlrq 6= Wkh orzhu wkh frvw ri jlylqj jliwv/ wkh orzhu dyhudjh h{wudfwlrq hruw
49Wuhdwphqw
Vrfldo wdvn fkrlfh Olqnhg Xqolqnhg Wrwdo
Rwkhu0sd|r plqlpl}lqj < +44(, 44 +47(, 53 +46(,
Rzq0sd|r pd{lpl}lqj 55 +5;(, 56 +5<(, 78 +5;(,
Mrlqw0sd|r pd{lpl}lqj 7< +94(, 79 +8;(, <8 +8<(,
Wrwdo ;3 ;3 493
W deoh 8= Qxpehuv ri vxemhfwv dvvrfldwhg zlwk wkh wkuhh ehkdylrudo w|shv lq wkh wzr
wuhdwphqwv1
lq wkh FSU jdph lq wkh Olqnhg wuhdwphqw1 Krzhyhu/ wkh lpsdfw dsshduv wr eh
uhodwlyho| zhdn dv lw lv vljqlfdqw dw wkh 43( ohyho rqo|1
Doo wkuhh revhuydwlrqv duh lq frq lfw zlwk wkh Vwdqgdug k|srwkhvlv/ exw lq olqh zlwk
wkh dowhuqdwlyh k|srwkhvlv uhjduglqj wkh srwhqwldo lq xhqfh ri wkh suhvhqfh ri uhflsurfdo
lqglylgxdov1 Dw wklv srlqw zh fdq dovr qrwh wkdw dq| glhuhqfhv irxqg dfurvv wkh wzr
wuhdwphqwv gr qrw dulvh ehfdxvh ri eldvhg vdpsohv ri wkh vxemhfw srro1 Wkh vrfldo rulhq0
wdwlrq wdvn vkrzv wkdw ri wkh 493 h{shulphqw sduwlflsdqwv/ 8<( frxog eh odehoohg vrfldoo|
rulhqwhg +mrlqw0sd|r pd{lpl}lqj,/ 5;( vhoi rulhqwhg +rzq0sd|r pd{lpl}lqj,/ dqg 46(
vslwhixo +rwkhu*v sd|r plqlpl}lqj,> vhh wdeoh 81 Wkhvh qxpehuv duh lq dffrugdqfh zlwk
hduolhu dqdo|vhv ri kxpdq suhihuhqfhv +h1j1/ Ilvfkedfkhu hw do1 ^43`,/ dqg wkh glhuhqfhv lq
uhsuhvhqwdwlrq dfurvv wkh wzr wuhdwphqwv duh qhjoljleoh1
Ohw xv qrz eulh | glvfxvv wkh wkuhh revhuydwlrqv lq wxuq1 Uhjduglqj revhuydwlrq 4/ rxu
sdudphwhul}dwlrq lv vxfk wkdw d uhflsurfdo vxemhfw zrxog kdyh wr eholhyh wkdw wkhuh lv qr
rwkhu uhflsurfdwru lq khu jurxs lq rughu qrw wr vhqg jliwv wr doo rwkhuv lq wkh uvw urxqg ri
wkh jdph1
#
Lqghhg/ wkh idfw wkdw jliw h{fkdqjh vwduwv r dw d kljk ohyho lq wkh uvw urxqg
vxjjhvwv wkdw wkhuh lv d vxevwdqwldo qxpehu ri uhflsurfdo lqglylgxdov +ru vwudwhjlf prqh|
pd{lpl}huv dfwlqj dv li wkh| kdyh uhflsurfdo suhihuhqfhv, lq hdfk jurxs1 W r h{soruh wkh
frqvhtxhqfhv ri +dv li, uhflsurfdo ehkdylru pruh irupdoo|/ ohw xv glvwlqjxlvk wzr w|shv ri
uhflsurfdo ehkdylru lq wkh jliw0jlylqj jdph= srvlwlyh dqg qhjdwlyh uhflsurflw|1 Srvlwlyh
+qhjdwlyh, uhflsurflw| phdqv wkdw vxemhfw l grhv +qrw, vhqg d jliw wr vxemhfw m +l 9' m,
lq shulrg w li vxemhfw m vhqw +glg qrw vhqg, d jliw wr vxemhfw l lq shulrg w  1 W r whvw
$
Li d vxemhfw vhqgv d jliw wr doo rwkhu jurxs phpehuv lq d urxqg/ vkh sd|v ; ru 49 srlqwv +lq wkh orz
dqg kljk frvw sdudphwhul}dwlrq/ uhvshfwlyho|,/ zkloh vkh uhfhlyhv 53 srlqwv li rqo| rqh ri wkh uhflslhqwv




Olqnhg orz 6;273 +<8(, 4;273 +78(,
Olqnhg kljk 69273 +<3(, 5:268
&
+::(,
Xqolqnhg orz 6;273 +<8(, 5;26<
&
+:5(,
Xqolqnhg kljk 65273 +;3(, 5;273 +:3(,
% Wrwdo qxpehu ri sduwlflsdqwv shu wuhdwphqw lv 73 +;{8,1
&
Qrw doo vxemhfwv zhuh h{srvhg wr d vlwxdwlrq lq zklfk wkh| frxog glvsod| qhjdwlyh uhflsurflw|1
W deoh 9= I udfwlrq ri vxemhfwv iru zkrp wkh qxoo ri qr uhflsurflw| lv uhmhfwhg dw wkh 8
shufhqw ohyho1
iru wklv w|sh ri ehkdylru/ zh dqdo|}h hdfk lqglylgxdo vxemhfw*v jliw0jlylqj ghflvlrq xvlqj d
elqrpldo whvw1 Wkh qxoo k|srwkhvlv lv wkdw wklv lqglylgxdo udqgrpl}hv ehwzhhq vhqglqj dqg
qrw vhqglqj jliwv/ lqghshqghqw ri wkh uhflslhqw*v sdvw ehkdylru1 Wkh dowhuqdwlyh k|srwkhvlv
lv wkdw ri srvlwlyh +qhjdwlyh, uhflsurfdo ehkdylru/ dv ghqhg deryh1 Lq wdeoh 9 zh suhvhqw
wkh iudfwlrq ri vxemhfwv iru zkrp wkh qxoo k|srwkhvlv lv uhmhfwhg hlwkhu lq idyru ri srvlwlyh
ru qhjdwlyh uhflsurflw|1 Z h qg wkdw lq doo irxu wuhdwphqwv/ d ydvw pdmrulw| ri lqglylgxdov
duh srvlwlyho| uhflsurfdo lq wkh vhqvh wkdw wkh| surylgh jliwv wr wkrvh ihoorz jurxs phpehuv
wkdw vhqw jliwv wr wkhp lq wkh suhylrxv urxqg1 Dqg derxw :3( ri wkh vxemhfwv h{klelw
vljqlfdqw qhjdwlyho| uhflsurfdo ehkdylru lq wkuhh ri wkh irxu wuhdwphqwv1Wkh idfw wkdw
vxemhfwv lq wkh Olqnhg2orz frvw wuhdwphqw qhjdwlyho| uhflsurfdwh ohvv iuhtxhqwo| wkdq
vxemhfwv lq wkh Olqnhg2kljk frvw wuhdwphqw pd| h{sodlq revhuydwlrq 6/ exw zh srvwsrqh
glvfxvvlqj lw lq ghwdlo wr vhfwlrq 8/ zkhuh zh dqdo|}h lqglylgxdo ehkdylru1
Revhuydwlrq 5 vwdwhv wkdw h!flhqf| lq FSU xvh lv kljkhu lq wkh Olqnhg wkdq lq wkh
Xqolqnhg wuhdwphqw/ dqg zh k|srwkhvl}h wkdw wklv lv gxh wr wkh idfw wkdw lq wkh iruphu
wuhdwphqw/ lqglylgxdov fdq frqglwlrq wkhlu ehkdylru lq wkh jliw0jlylqj jdph rq wkh revhuyhg
ehkdylru ri wkhlu ihoorz jurxs phpehuv lq wkh FSU1 Wklv frqqhfwlrq lv hylghqfhg e| wkh
idfw wkdw wkh dyhudjh lqglylgxdo h{wudfwlrq hruw ohyhov lq wkh uvw urxqg duh orzhu lq wkh
Olqnhg wkdq lq wkh Xqolqnhg wuhdwphqwv/ dqg vljqlfdqwo| vr +luuhvshfwlyh ri wkh frvwv ri
jliwv,> vhh wdeoh :1 Wkdw phdqv wkdw lw lv vx!flhqw mxvw wr lqirup wkh vxemhfwv wkdw wkh
wzr frqvwlwxhqw jdphv duh sod|hg zlwk wkh vdph lqglylgxdov wr lqgxfh orzhu h{wudfwlrq
hruw lq wkh Olqnhg wuhdwphqw +dv frpsduhg wr wkh Xqolqnhg wuhdwphqw,1
Lq dgglwlrq/ zh qg d vwurqj fruuhodwlrq ehwzhhq wkh qxpehu ri jliwv uhfhlyhg/ dqg d
4;Wuhdwphqw Orz frvw Kljk frvw
Olqnhg :14 :1: s@31588
Xqolqnhg <19 <14 s@31753
s@31357 s@31333
W deoh := Dyhudjh lqglylgxdo FSU h{wudfwlrq hruw lq urxqg 4 +s0ydoxhv iru d 50vlghg
























































































Deviation of own extraction from the average extraction of 













































Iljxuh 6= Dyhudjh qxpehu ri uhfhlyhg jliwv dv d ixqfwlrq FSU h{wudfwlrq lq wkh Olqnhg
wuhdwphqwv1
4<vxemhfw*v ghyldwlrq lq h{wudfwlrq hruw iurp wkh jurxs*v dyhudjh
’
+krul}rqwdoo|, dqg wkh
dyhudjh qxpehu ri jliwv uhfhlyhg +yhuwlfdoo|,> vhh Iljxuh 61 Z h revhuyh wkdw erwk sxwwlqj
lq hlwkhu pruh ru ohvv hruw lqwr FSU h{wudfwlrq wkdq wkh jurxs*v dyhudjh lv fruuhodwhg
zlwk ihzhu jliwv uhfhlyhg1 Wklv v|pphwulf sdwwhuq vxjjhvwv wkdw iuhh0ulghuv lq wkh FSU
jdph gr qrw jlyh jliwv wr wkh yhu| frrshudwlyh lqglylgxdov lq wkh jurxs/ dv wkh| gr qrw
h{shfw wr uhfhlyh jliwv iurp wkhp1 Krzhyhu/ wkh uhohydqfh ri wklv revhuydwlrq vkrxog
qrw eh ryhuhvwlpdwhg/ Iluvw/ iru h{wudfwlrq ohyhov ehorz wkh jurxs dyhudjh wkh Vshdupdq
udqn0edvhg fruuhodwlrq frh!flhqw htxdov f=SS zlwk d s0ydoxh ri rqo| f=fHS/ zkhuhdv
lw lv f=bfD zlwk d s0ydoxh ri f=ff2 iru wkh h{wudfwlrq ohyhov deryh wkh jurxs dyhudjh1
Vhfrqg/ h{wudfwlqj pxfk ohvv wkdq rqh*v jurxs phpehuv grhv qrw rffxu yhu| iuhtxhqwo|
+wkh kljkhvw ohyho ri cxqghuh{wudfwlrq* frqwdlqv ohvv wkdq 4( ri doo revhuydwlrqv,1 Wklug/
wkhvh fruuhodwlrq duh qrw frqglwlrqhg rq sdvw ehkdylru/ dv wklv fdq rqo| eh whvwhg lq
d irupdo uhjuhvvlrq dqdo|vlv dv suhvhqwhg lq wkh qh{w vhfwlrq1 Krzhyhu/ wkh iroorzlqj
revhuydwlrq grhv krog=
Revhuydwlrq 7= Lq wkh Olqnhg wuhdwphqw/ wkh qxpehu ri jliwv uhfhlyhg lq wkh jliw0jlylqj
jdph lv fruuhodwhg zlwk wkh jliw uhflslhqw*v h{wudfwlrq hruw lq wkh FSU jdph1
Khqfh/ wkh jurxs gdwd vxjjhvw wkdw hpehgglqj d vrfldo glohppd vlwxdwlrq lq d zlghu
hfrqrplf frqwh{w +e| dgglqj wkh jliw0jlylqj jdph, jlyhv ulvh wr pruh frrshudwlrq lq wkh
vrfldo glohppd vlwxdwlrq wkdq suhglfwhg e| hfrqrplf wkhru|1 Pruhryhu/ zkhuhdv wkh
shfxqldu| sxqlvkphqw phfkdqlvp uhvxowv lq rqo| d pdujlqdo lqfuhdvh lq qhw h!flhqf|
+ehfdxvh ri wkh *ghdgzhljkw orvv* dvvrfldwhg zlwk wkh frvwv ri lpsrvlqj vdqfwlrqv> vhh
Rvwurp hw do1 ^48`,/ wkh vhohfwlyh h{foxvlrq phfkdqlvp xqfryhuhg khuh uhvxowv lq d sxuh
h!flhqf| jdlq= zkhuhdv djjuhjdwh h{wudfwlrq hruw lq wkh FSU jdph lv forvhu wr vrfldo
rswlpxp ohyho lq wkh Olqnhg wuhdwphqw wkdq lq wkh Xqolqnhg wuhdwphqw/ wkh wrwdo qxpehu
ri jliwv surylghg lv lghqwlfdo +dv lw ghshqgv rq wkh frvwv ri jliw0jlylqj rqo|,1
(




















537 Dqdo|vlv ri lqglylgxdo ehkdylru
Kdylqj revhuyhg wkdw olqnlqj wkh FSU jdph dqg wkh jliw0jlylqj jdph uhvxowv lq lpsuryhg
h!flhqf| ri wkh FSU jdph zlwkrxw ghfuhdvlqj h!flhqf| lq wkh jliw0jlylqj jdph/ zh qrz
wxuq wr dqdo|}lqj lqglylgxdo ehkdylru wr h{sodlq wkh phfkdqlvp ehklqg wklv revhuydwlrq1
Khuh/ wkuhh txhvwlrqv duh shuwlqhqw1 Iluvw/ zkdw idfwruv h{sodlq wkh qxpehu ri jliwv uh0
fhlyhgB Lv lw ghwhuplqhg e| wkh qxpehu ri jliwv dq lqglylgxdo vhqw wr rwkhuv lq wkh suhylrxv
shulrg/ ru grhv lw dovr ghshqg rq wkh lqglylgxdo*v h{wudfwlrq ehkdylru lq wkh FSU jdph lq
wkh fxuuhqw shulrgB Vhfrqg/ zkdw idfwruv h{sodlq h{wudfwlrq hruw e| lqglylgxdo vxemhfwvB
Lv lw mxvw wkh djjuhjdwh h{wudfwlrq hruw e| wkh rwkhu vxemhfwv lq wkh jurxs/ ru grhv lw dovr
ghshqg rq wkh qxpehu ri jliwv uhfhlyhgB Lq rwkhu zrugv/ grhv d ghfuhdvh lq wkh qxpehu ri
jliwv uhfhlyhg lq wkh suhylrxv shulrg lqgxfh wkh lqglylgxdo wr uhgxfh h{wudfwlrq hruw lq
wkh fxuuhqw shulrg/ ru qrwB Dqg wklug/ krz grhv dq lqglylgxdo zkr lv ehlqj vdqfwlrqhg
lq wkh jliw0jlylqj jdph iru h{fhvvlyh h{wudfwlrq lq wkh FSU jdph uhvsrqg zkhq ghflglqj
zkrp wr jlyh jliwv wrB Grhv wklv lqglylgxdo dffhsw wkh ghfuhdvh lq wkh qxpehu ri jliwv dv d
idlu sxqlvkphqw iru klv2khu h{wudfwlrq ehkdylru/ ru grhv kh2vkh ghflgh wr uhwdoldwh e| qrw
vhqglqj jliwv wr wkh shuvrq lpsrvlqj wkh vdqfwlrqB Dqvzhuv wr wkhvh txhvwlrqv zloo jlyh
lqvljkw lqwr zk| olqnlqj wkh wzr jdphv uhvxowv lq lpsuryhg h!flhqf| lq wkh FSU jdph1
Ohw xv uvw dqdo|}h wkh ghwhuplqdqwv ri wkh qxpehu ri jliwv uhfhlyhg e| hdfk vxe0




















surflw| e| wkh rwkhu vxemhfwv lpsolhv wkdw lq erwk wuhdwphqwv/ wkh qxpehu ri jliwv uh0




























1 Lq wkh Olqnhg wuhdwphqw/ krzhyhu/ vdqfwlrqlqj pd| wdnh
sodfh/ dqg khqfh zh dovr lqfoxgh d vxemhfw*v h{wudfwlrq hruw h{huwhg lq wkh vdph urxqg1
Z h h{soruh wzr vshflfdwlrqv/ uhihuuhg wr dv O4 dqg O51 O4 lqfoxghv d gxpp| ydul0






















8 ,1 O5 lqfoxghv d vlpsoh phdvxuh ri uhodwlyh
























Wkh uhjuhvvlrq uhvxowv duh suhvhqwhg lq wdeoh ;1 Dv wkh ghshqghqw yduldeoh lv dq lqwhjhu
54qxpehu ehwzhhq 3 dqg 7/ zh xvh d frxqw prgho +txdvl pd{lpxp olnholkrrg,> Kxehu2Zklwh
vwdqgdugl}hg huuruv duh suhvhqwhg lq sduhqwkhvlv1 Z h qg vwurqj hylghqfh iru gluhfw uhfl0








> lv srvlwlyh dqg vljqlfdqw
lq doo uhjuhvvlrqv1 Frqvlvwhqw zlwk rxu dowhuqdwlyh k|srwkhvlv/ zh qg wkdw wkh orzhu wkh
frvw ri jliwv/ wkh kljkhu wkh qxpehu ri jliwv uhfhlyhg dv hylghqfhg e| wkh vljqlfdqf| ri wkh
frh!flhqwv ri wkh yduldeohv wkdw duh lqwhudfwhg zlwk GO +d gxpp| yduldeoh lqglfdwlqj wkh
orz +kljk, frvw sdudphwhul}dwlrq> GO ' Ef ,1 I xuwkhupruh/ erwk vshflfdwlrqv O4 dqg
O5 vkrz wkdw wkh qxpehu ri jliwv uhfhlyhg ghshqgv qhjdwlyho| rq rzq h{wudfwlrq hruw1




8 , lv qrw irxqg wr eh vljqlfdqw zkhuhdv wkh




8 , lv/ vxjjhvwv wkdw pruh h{fhvvlyh h{wudfwlrq lv sxq0
lvkhg kdughu/ dqg khqfh wkdw wkh vdqfwlrqlqj ghylfh lv qrw deoh wr lpsohphqw wkh vrfldo
rswlpxp1 O5 vkrzv wkdw wkh uhodwlyh phdvxuh shuirupv derxw htxdoo| zhoo/ dv hylghqfhg
e| wkh orj olnholkrrgv ri vshflfdwlrqv O4 dqg O51
Qrz ohw xv wxuq wr wkh dqdo|vlv ri fkdqjhv lq h{wudfwlrq hruw1 Lq erwk wuhdwphqwv/ lw
lv h{shfwhg wr ghshqg rq wkh h{wudfwlrq hruw ri rwkhuv/ hlwkhu wkh fkdqjh lq djjuhjdwh





8 ,1 Exw lq wkh Olqnhg wuhdwphqw vxemhfwv pd| dovr dgmxvw wkhlu h{wudfwlrq hruw lq
uhvsrqvh wr fkdqjhv lq wkh qxpehu ri jliwv uhfhlyhg/ dowkrxjk rqh zrxog qrw h{shfw wkh
uhodwlrqvkls ehwzhhq wkhvh wzr yduldeohv wr eh v|pphwulf1 D ghfuhdvh lq wkh qxpehu
ri jliwv uhfhlyhg fdq eh lqwhusuhwhg dv sxqlvkphqw dqg khqfh pd| lqgxfh d uhgxfwlrq
lq h{wudfwlrq hruw/ exw rqh zrxog qrw h{shfw wkh dprxqw ri hruw wr lqfuhdvh djdlq li
wkh qxpehu ri jliwv uhfhlyhg jrhv xs1 Wkhuhiruh/ zh xvh dv h{sodqdwru| yduldeohv erwk




































> > wkh dqdo|vlv lv e| phdqv ri ruglqdu| ohdvw vtxduhv1 Wkh uhodwlyh




8 , rxwshuirupv wkh yduldeoh uh hfwlqj wkh fkdqjh lq djjuh0
B
Wkxv/ zh irfxv rq dqdo|}lqj fkdqjhv lq wkh dprxqw ri hruw doorfdwhg wr uhvrxufh kduyhvwlqj udwkhu
wkdq rq ohyhov ri h{wudfwlrq hruw1 Kljk ohyhov ri frrshudwlrq lq wkh jliw0jlylqj jdph pd| eh dvvrfldwhg
zlwk kljk ohyhov ri frrshudwlrq lq wkh FSU jdph/ exw frrshudwlrq lq wkh iruphu jdph pd| dovr eh kljk li
vxemhfwv gr qrw zlvk wr mhrsdugl}h surwdeoh elodwhudo frrshudwlrq wr rewdlq vpdoo jdlqv lq wkhlu sulydwh
uhwxuq wr uhvrxufh kduyhvwlqj lq wkh FSU jdph1
55+X4, +O4, +O5,
























































8  GO 031363--
+31348,
Orj olnholkrrg 06668177 065::185 065::1;8
Qxpehu ri revhuydwlrqv 4853 4853 4853
-Vljqlfdqw dw 43( ohyho/ --Vljqlfdqw dw 8( ohyho/
---Vljqlfdqw dw 4( ohyho1
W deoh ;= I dfwruv ghwhuplqlqj wkh qxpehu ri jliwv uhfhlyhg lq urxqgv 4 wr 53 +Kxehu2Zklwh
vwdgdug huuruv suhvhqwhg lq sduhqwkhvlv,
56jdwh h{wudfwlrq hruw/ dqg wkhuhiruh zh rqo| suhvhqw wkh iruphu vshflfdwlrqv1 Lq erwk
wuhdwphqwv/ zh qg wkdw lqglylgxdov whqg wr dgmxvw wkhlu h{wudfwlrq hruwv wrzdugv wkh
jurxs*v phdq> li rqh*v hruw lv deryh +ehorz, wkh phdq/ rqh dgmxvwv rqh*v hruw grzqzdug
+xszdug,1 Zkhq qrw glvwlqjxlvklqj ehwzhhq wkh kljk dqg orz frvw sdudphwhul}dwlrqv
+O4,/ zh qg d v|pphwulf hhfw zlwk uhvshfw wr wkh qxpehu ri jliwv uhfhlyhg1 Krz0
hyhu/ wkh v|pphwu| lv orvw zkhq zh glvwlqjxlvk ehwzhhq wkh wzr sdudphwhul}dwlrqv/ dv
fdq eh ylhzhg iurp uhjuhvvlrqv O4k dqg O4o1 Wkhvh suhvhqw wkh uhjuhvvlrq uhvxowv xvlqj
mxvw wkh revhuydwlrqv iurp wkh kljk0 dqg orz frvw wuhdwphqwv/ uhvshfwlyho|1 Z h qg wkdw








> m idlov wr
eh vljqlfdqw,/ exw qrw vr lq wkh orz0frvw sdudphwhul}dwlrq1 Li wkh qxpehu ri jliwv uh0








> ? f,/ wkh uhohydqw frh!flhqw lv 031536
+' f=DEf=2ebf=D.,/ dqg wklv frh!flhqw lv vljqlfdqw dw wkh 4( ohyho1
C
Li wkh qxpehu








> A f,/ wkh uhohydqw frh!flhqw
lv lqvljqlfdqw dqg htxdo wr 31379 +' f=D  Ef=2eb  f=D.,1 Wkhuhiruh/ lq wkh Olqnhg2orz
frvw wuhdwphqw/ d ghfuhdvh lq wkh qxpehu ri jliwv uhfhlyhg lqgxfhv wkh ghflvlrq pdnhu wr
uhgxfh h{wudfwlrq hruw/ zkhuhdv dq lqfuhdvh grhv qrw uhvxow lq d fkdqjh lq wkh dprxqw
ri hruw doorfdwhg wr uhvrxufh kduyhvwlqj1
Ilqdoo|/ ohw xv dgguhvv wkh txhvwlrq zkhwkhu vdqfwlrqlqj srwhqwldoo| mhrsdugl}hv frrs0
hudwlrq lq wkh jliw0jlylqj jdph/ ru qrw1 Li vxemhfwv lqfuhdvh wkhlu h{wudfwlrq ohyhov dqg
vxevhtxhqwo| uhfhlyh ihzhu jliwv lq wkdw shulrg/ gr wkh| ylhz wkdw uhgxfwlrq dv d ghvhuyhg
sxqlvkphqw iru wkhlu h{fhvvlyh h{wudfwlrq ehkdylruB Ru gr wkh| uhwdoldwh e| uhgxflqj wkh
qxpehu ri jliwv wkh| surylgh wr wkh rwkhuvB Z h dqdo|}h wklv txhvwlrq e| phdqv ri dq
rughuhg surelw prgho zlwk wkuhh srvvlelolwlhv= wkh vxemhfw ghfuhdvhv wkh qxpehu ri jliwv









8 lv srvlwlyh/ }hur ru qhjdwlyh,1 Z h whvw iru wkh uhvsrqvh wr ehlqj sxqlvkhg e|









> 1 Li sxqlvkphqw ri wkh FSU ehkdylru lq wkh jliw jlylqj jdph grhv fdxvh
D





































, 1 Wkh uvw +vhfrqg, yduldeoh lv srvlwlyh +}hur, li wkh
qxpehu ri jliwv uhfhlyhg lqfuhdvhv/ dqg wkh uvw +vhfrqg, yduldeoh lv }hur +qhjdwlyh, lq fdvh wkh wkh
qxpehu ri jliwv uhfhlyhg ghqfuhdvhv1
57+X4, +O4, +O4k, +O4o,
Frqvwdqw 31373 31393 031345 31438
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31585 3153< 314<; 31563
Qxpehu ri revhuydwlrqv 4773 4773 :53 :53
-Vljqlfdqw dw wkh 43( ohyho/ --Vljqlfdqw dw 8(/ ---Vljqlfdqw dw 4(1
W deoh <= Idfwruv ghwhuplqlqj wkh fkdqjh lq wkh dprxqw ri hruw doorfdwhg wr uhvrxufh
kduyhvwlqj lq urxqgv 4053 +Kxehu2Zklwh vwdqgdug huuruv suhvhqwhg lq sduhqwkhvlv,1
frrshudwlrq lq wkh jliw0jlylqj jdph wr xqudyho/ zh h{shfw wkdw wklv yduldeoh lv srvlwlyho|
dqg vljqlfdqwo| fruuhodwhg zlwk wkh ghshqghqw yduldeoh/ xqohvv wkh vxemhfw xqghu frqvlg0
hudwlrq lqfuhdvhg klv2khu h{wudfwlrq lq shulrg w   dqg ylhzv wkh uhgxfwlrq lq qxpehu ri
jliwv uhfhlyhg dv d ghvhuyhg sxqlvkphqw1 Z h fdswxuh zkhwkhu wkh vdqfwlrq fdq eh frqvlg0














































> lv srvlwlyh dqg
















> wxuqv rxw wr eh srvlwlyh dqg vljql0









> ? f, lqgxfhv vxemhfw l wr ghfuhdvh wkh qxpehu ri jliwv vkh surylghv
wr rwkhuv1 Reylrxvo|/ gluhfw uhflsurflw| zlwk uhvshfw wr jliw0jlylqj dqg uhvsrqvhv zlwk
uhvshfw wr srvvleoh vdqfwlrqv duh qrw wkh rqo| gulyhuv ghwhuplqlqj wkh qxpehu ri jliwv
surylghg e| lqglylgxdo l> vkh pd| dovr ghflgh wr sxqlvk qrup ylrodwruv khuvhoi1 Wkhuhiruh/







8 , dv dq h{sodqdwru| yduldeoh1 Wkh uhvxowv ri wkh uhjuhvvlrq dqdo|vlv duh suhvhqwhg
lq wdeoh 431
Lq erwk wkh kljk0 dqg orz0frvw sdudphwhul}dwlrq uhjuhvvlrqv +O4k dqg O4o/ uhvshf0
wlyho|,/ zh qg wkdw wkh qxpehu ri jliwv surylghg lv olnho| wr lqfuhdvh wkh pruh rwkhuv













































Orj olnholkrrg 093;188 095<163
Qxpehu ri revhuydwlrqv :53 :53
-Vljqlfdqw dw wkh 43( ohyho/ --Vljqlfdqw dw 8(/ ---Vljqlfdqw dw 4(1
W deoh 43= Idfwruv ghwhuplqlqj wkh qxpehu ri jliwv surylghg lq wkh Olqnhg2kljk dqg
Olqnhg2orz frvw wuhdwphqwv1

















wkdw vxemhfw l ghflghv wr lqfuhdvh +ghfuhdvh, wkh qxpehu ri jliwv vkh surylghv li vkh uhfhlyhg
pruh +ihzhu, jliwv lq wkh suhylrxv shulrg/ luuhvshfwlyh ri wkh frvwv ri jliw0jlylqj1 Exw wkh
















lv dovr srvlwlyh dqg vljqlfdqw lq O4k exw
pxfk vpdoohu dqg lv kdugo| vljqlfdqw +dw wkh ;17( ohyho rqo|, lq O4o/ lv uhyhdolqj1 O4k
vkrzv wkdw li vxemhfw l uhfhlyhv ihzhu jliwv lq wkh suhylrxv shulrg ehfdxvh vkh lqfuhdvhg
klv2khu h{wudfwlrq hruw lq wkdw shulrg/ vkh grhv uhgxfh wkh qxpehu ri jliwv vkh surylghv
lq wkh fxuuhqw shulrg1 Wkhuhiruh/ li vkh lv vdqfwlrqhg/ vkh uhvsrqgv e| vhqglqj ihzhu jliwv/
dqg wkh jliw0jlylqj uhodwlrqvkls xqudyhov1 Wklv hhfw lv/ krzhyhu/ pxfk vpdoohu lq wkh
orz0frvw sdudphwhul}dwlrq1 Khqfh/ vdqfwlrqlqj lv lqghhg d kd}dugrxv hqwhusulvh/ exw hv0
shfldoo| vr lq wkh kljk0frvw wuhdwphqw zkhuh uhixvlqj wr jlyh jliwv frqvwlwxwhv d uhodwlyho|
odujh frvw vdylqj1 Qrwh wkdw wklv lv lq olqh zlwk gdwd suhvhqwhg lq wdeoh 9/ zkhuh zh qg
wkdw qhjdwlyh uhflsurflw| lq wkh jliw jlylqj jdph lq wkh Olqnhg wuhdwphqw lv pruh olnho|
zkhq wkh frvw ri jliw jlylqj duh kljk wkdq zkhq wkh| duh orz1
8 Frqfoxvlrqv
D vxevwdqwldo dprxqw ri h{shulphqwdo uhvhdufk kdv ehhq xqghuwdnhq wr h{sodlq xqghu
zkdw flufxpvwdqfhv frrshudwlrq lq vrfldo glohppdv fdq eh vxvwdlqhg zlwkrxw fhqwudol}hg
lqwhuyhqwlrq1 Wkh vhoi0uhjxodwru| lqvwlwxwlrq wkdw kdv ehhq dqdo|}hg prvw h{whqvlyho| lv
wkdw ri ghfhqwudol}hg shfxqldu| sxqlvkphqw/ zkhuh vxemhfwv fdq lpsrvh frvwo| sxqlvkphqw
59rq iuhh0ulghuv1 Lq wklv sdshu zh h{soruh wkh hhfwlyhqhvv ri d pruh qdwxudo vhoi0uhjxodwru|
phfkdqlvp/ edvhg rq wkh revhuydwlrq wkdw djhqwv wlhg lq d vrfldo glohppd jdph duh
riwhq dovr ghshqghqw rq +elodwhudo, frrshudwlrq lq rwkhu hfrqrplf dfwlylwlhv1 Vhohfwlyho|
h{foxglqj lqglylgxdov zkr iuhh0ulgh lq wkh vrfldo glohppd vlwxdwlrq iurp wkh ehqhwv ri
frrshudwlrq lq wkhvh dowhuqdwlyh hfrqrplf dfwlylwlhv pd| eh xvhg dv d vdqfwlrqlqj ghylfh1
Z h prgho wkh vrfldo glohppd jdph dv d vwdqgdug FSU jdph dqg wkh dowhuqdwlyh w|sh ri
hfrqrplf dfwlylw| dv d wzr0vlghg jliw0jlylqj jdph1
Rxu h{shulphqwv vkrz wkdw lqghhg vhohfwlyh h{foxvlrq rffxuv qdwxudoo| li vxemhfwv lqwhu0
dfw zlwk wkh vdph jurxs ri lqglylgxdov lq erwk dfwlylwlhv/ dqg lv dq hhfwlyh phfkdqlvp
lq hqiruflqj frrshudwlrq lq wkh FSU jdph1 Lq wkh frppxqlw| wuhdwphqw +wkh Olqnhg
wuhdwphqw,/ h!flhqf| lq FSU pdqdjhphqw lv vljqlfdqwo| kljkhu wkdq lq wkh Xqolqnhg
wuhdwphqw/ zkhuh vxemhfwv duh qrw deoh wr vhohfwlyho| h{foxgh FSU iuhh0ulghuv iurp wkh
ehqhwv ri wkh jliw0jlylqj jdph/ zkhuhdv wkh h!flhqf| ri wkh jliw0jlylqj jdph lv lghqwlfdo
dfurvv wkh wzr wuhdwphqwv1 Wkdw phdqv wkdw/ xqolnh wkh shfxqldu| sxqlvkphqw phfkdqlvp/
djjuhjdwh h!flhqf| xqdpeljxrxvo| lqfuhdvhv zkhq olqnlqj wkh wzr jdphv1 Lq dgglwlrq/
wkh pruh surwdeoh wkh jliw h{fkdqjh dv frpsduhg wr wkh FSU jdph/ wkh pruh hhfwlyh
wkh phfkdqlvp lv1 Krzhyhu/ wkh h{foxvlrq phfkdqlvp lv qrw deoh wr ixoo| lpsohphqw wkh
vrfldo rswlpxp lq wkh FSU jdph/ dv zh qg qr hylghqfh wkdw wkh qxpehu ri jliwv uhfhlyhg
gursv wr }hur zkhqhyhu d vxemhfw sxwv lq pruh h{wudfwlrq hruw wkdq lv vrfldoo| rswlpdo1
Udwkhu/ wkh pruh d vxemhfw*v h{wudfwlrq hruw h{fhhgv wkdw ri wkh jurxs*v dyhudjh/ wkh
ihzhu jliwv kh2vkh uhfhlyhv1
Wkxv/ rxu h{shulphqwv vxjjhvw wkdw vwuhqjwkhqlqj frppxqlw| wlhv jlyhv ulvh wr srzhuixo
sur0vrfldo lqfhqwlyhv zlwk uhvshfw wr frrshudwlrq lq vrfldo glohppd vlwxdwlrqv dqg khqfh
lpsuryhv frppxqlw| zhoiduh1
9 Dsshqgl{ 4 0 Lqvwuxfwlrqv iru sduwlflsdqwv
Lq wklv dsshqgl{/ zh suhvhqw wkh lqvwuxfwlrqv wr sduwlflsdqwv lq erwk wuhdwphqwv1 Zkhq
qrw qrwhg rwkhuzlvh/ d sdudjudsk ri wkh lqvwuxfwlrqv zdv uhdg lq erwk wuhdwphqwv/ Olqnhg
dqg Xqolqnhg1 Lq vrph sdudjudskv/ zh lqvhuw lqwr vtxduh eudfnhwv vhqwhqfhv wkdw zhuh
uhdg rqo| lq rqh ri wkh wuhdwphqwv/ dqg lqglfdwh dw wkh vwduw ri wkh eudfnhw iru zklfk
5:wuhdwphqw wklv krogv1 Rwkhuzlvh/ wkh sdudjudskv zhuh uhdg lq wkh rughu dv suhvhqwhg lq
wklv dsshqgl{1
Lqwurgxfwlrq +Olqnhg wuhdwphqw,= Lq wkh h{shulphqw/ |rx zloo eh lq d jurxs zlwk irxu
rwkhu sduwlflsdqwv> d jurxs wkhuhiruh frqvlvwv ri yh sduwlflsdqwv lq wrwdo1 \rx zloo qrw ohduq wkh lghqwlw|
ri wkh rwkhu phpehuv ri |rxu jurxs1 Wkh h{shulphqw odvwv 58 urxqgv1 Hyhu| urxqg frqvlvwv ri wzr sduwv/
Sduw L dqg Sduw LL1 Lq hdfk sduw/ |rx zloo pdnh rqh ghflvlrq1 \rx zloo hduq srlqwv iru |rxu ghflvlrqv
lq Sduw L dqg Sduw LL1 Dw wkh hqg ri wkh h{shulphqw/ |rx zloo eh sdlg uhdo prqh| iru doo wkh srlqwv |rx
hduqhg lq Sduw L dqg Sduw LL ryhu doo 58 urxqgv1 Wkh h{fkdqjh udwh lv= 433 srlqwv @ 4 Hxur/ 4 srlqw @ 4
Hxur0fhqw1 Z h zloo qrz ghvfuleh Sduw L dqg Sduw LL ri rqh urxqg1
Lqwurgxfwlrq +Xqolqnhg wuhdwphqw,= Wkh h{shulphqw wkdw |rx qrz sduwlflsdwh lq/ zloo
odvw 58 urxqgv1 Hyhu| urxqg frqvlvwv ri wzr sduwv/ Sduw L dqg Sduw LL1 Lq hyhu| sduw/ |rx zloo eh pdwfkhg
wr irxu sduwlflsdqwv lq wklv urrp1 D jurxs wkhuhiruh frqvlvwv ri yh sduwlflsdqwv lq wrwdo1 Krzhyhu/ wkh
wzr jurxsv/ wkh jurxs lq Sduw L dqg wkh jurxs lq Sduw LL/ gr QRW frqvlvw ri wkh VDPH sduwlflsdqwv1
\rx zloo eh pdwfkhg wr irxu sduwlflsdqwv lq Sduw L/ dqg wr irxu GLIIHUHQW sduwlflsdqwv lq Sduw LL1 \rx
zloo qrw ohduq wkh lghqwlw| ri wkh rwkhu phpehuv ri dq| ri wkh wzr jurxsv1 Wr hpskdvl}h wkdw wkh rwkhu
sduwlflsdqwv lq wkh wzr sduwv duh qrw wkh vdph shrsoh/ wkh irxu sduwlflsdqwv |rx duh lq d jurxs zlwk lq
Sduw L/ duh odehohg }/ }}/ }}}/ }}}}1 Wkh irxu +rwkhu, sduwlflsdqwv |rx duh lq d jurxs zlwk lq Sduw LL duh
odehohg D/ DD/ DDD/ DDDD1 Lq hdfk ri wkh wzr sduwv lq hyhu| urxqg/ |rx zloo pdnh rqh ghflvlrq1 \rx
zloo hduq srlqwv iru |rxu ghflvlrqv lq Sduw L dqg Sduw LL1 Dw wkh hqg ri wkh h{shulphqw/ |rx zloo eh sdlg
uhdo prqh| iru doo wkh srlqwv |rx hduqhg lq Sduw L dqg Sduw LL ryhu doo 58 urxqgv1 Wkh h{fkdqjh udwh lv=
433 srlqwv @ 4 Hxur/ 4 srlqw @ 4 Hxur0fhqw1 Z h zloo qrz ghvfuleh Sduw L dqg Sduw LL ri rqh urxqg1
Sduw L ri rqh urxqg= ^Rqo| Xqolqnhg= Lq Sduw L ri dq| urxqg |rx duh lq d jurxs zlwk 7 jurxs
phpehuv fdoohg }/ }}/ }}}/ }}}}1` Dw wkh ehjlqqlqj ri hyhu| Sduw L ri d urxqg/ |rx uhfhlyh 46 wrnhqv1 \rx
kdyh wr ghflgh krz wr glylgh wkhvh 46 wrnhqv ehwzhhq wzr rswlrqv= rswlrq 4 dqg rswlrq 51 Revhuyh wkdw
|rx kdyh wr glylgh doo |rxu 46 wrnhqv1 Wkhuhiruh li |rx sxw [ wrnhqv lqwr rswlrq 4/ |rx sxw dxwrpdwlfdoo|
46 0 [ wrnhqv lqwr rswlrq 51 Lq wkh h{shulphqw/ wkhuhiruh/ |rx zloo eh dvnhg wr pdnh rqh fkrlfh= krz
pdq| wrnhqv |rx sxw lq rswlrq 41 Lw lv wkhq dxwrpdwlf wkdw |rx sxw 46 0 [ wrnhqv lq rswlrq 51
Hduqlqj srlqwv lq Sduw L= Qrz/ zh zloo h{sodlq krz |rx hduq srlqwv iru wkh wrnhqv |rx sxw
lq rswlrq 4 dqg rswlrq 51
Hduqlqjv iru wrnhqv lq rswlrq 4= Wkh qxpehu ri srlqwv |rx hduq iru wkh wrnhqv lq rswlrq
5;4 ghshqgv rq krz pdq| wrnhqv |rx sxw lq rswlrq 4 dqg krz pdq| wrnhqv wkh rwkhu irxu jurxs phpehuv
^Rqo| Xqolqnhg= }/ }}/ }}}/ dqg }}}}` sxw lq rswlrq 41 sxw lq rswlrq 41 \rx uhfhlyh <18 srlqwv iru hyhu|
wrnhq |rx sxw lq rswlrq 41 \rx dovr kdyh wr sd| frvwv zkhq xvlqj rswlrq 41 Wkh frvwv ghshqg rq krz
pdq| wrnhqv lq wrwdo doo jurxs phpehuv +lqfoxglqj |rx, sxw lqwr rswlrq 4= iru hyhu| wrnhq |rx sxw lqwr
rswlrq 4/ |rx kdyh wr sd| d frvw ri 3148 srlqwv PXOWLSOLHG E\ wkh wrwdo qxpehu ri wrnhqv lq rswlrq 41
Hduqlqjv iru wrnhqv lq rswlrq 5= Wkh qxpehu ri srlqwv |rx hduq iru wkh wrnhqv lq rswlrq
5 ghshqgv rqo| rq krz pdq| wrnhqv |rx sxw lq rswlrq 51 Iru hyhu| wrnhq lq rswlrq 5 |rx uhfhlyh 318
srlqwv1 Wkhuh duh qr frvwv1 \rxu wrwdo hduqlqjv lq Sduw L duh wkh vxp ri srlqwv |rx hduq lq rswlrq 4 dqg
5/ wkdw phdqv <18-[ 0 3148-+[.\,-[ .318-+46 0 [,/ zkhuh [ lv wkh qxpehu ri wrnhqv |rx sxw lqwr rswlrq
4/ dqg \ lv wkh wrwdo qxpehu ri wrnhqv wkdw duh sxw lqwr rswlrq 4 e| wkh rwkhu irxu jurxs phpehuv1
Hduqlqjv wdeoh ri Sduw L= Udwkhu wkdq xvlqj wkh irupxod suhvhqwhg deryh/ |rx fdq uhihu wr wkh
wdeoh lq iurqw ri |rx zkhq pdnlqj |rxu ghflvlrqv lq Sduw L1 Wkh Wdeoh suhvhqwv wkh qxpehu ri srlqwv |rx
fdq hduq lq Sduw L ri d urxqg iru glhuhqw frpelqdwlrqv ri wkh qxpehu ri wrnhqv |rx sxw lq rswlrq 4 dqg
wkh wrwdo qxpehu ri wrnhqv wkh rwkhu irxu jurxs phpehuv sxw lq rswlrq 41 Sohdvh/ kdyh d orrn dw wkh
Wdeoh qrz1 ^Sd|r wdeoh glvwulexwhg wr wkh h{shulphqw sduwlflsdqwv1`
Lq wkh uvw froxpq +lq juh| sulqw,/ |rx qg doo srvvleoh qxpehuv ri wrnhqv |rx pd| sxw lq rswlrq 41
\rx fdq fkrrvh dq| lqwhjhu qxpehu iurp 3 wr 46/ wkdw phdqv qxpehuv 3/4/11/45/461 Lq wkh uvw urz +lq
juh| sulqw,/ |rx qg wkh qxpehu ri wrnhqv wkh rwkhu irxu sduwlflsdqwv pd| +wrjhwkhu, sxw lq rswlrq 41
\rxu wrwdo sd|r lq Sduw L ghshqgv rq wkh frpelqdwlrq ri wkh qxpehu ri wrnhqv |rx sxw lq rswlrq 4 dqg
wkh qxpehu ri wrnhqv wkh rwkhu irxu sduwlflsdqwv +lq wrwdo, sxw lq rswlrq 41
H{dpsoh1 Vxssrvh |rx sxw 7 wrnhqv lq rswlrq 41 Lq wkh juh| froxpq/ qg wkh urz wkdw ehjlqv zlwk 7
+wrnhqv,1 Dqg/ vxssrvh |rx wklqn wkdw wkh rwkhu irxu jurxs phpehuv zloo sxw lq wrwdo 45 wrnhqv lq rswlrq
41 Lq wkh juh| urz/ qg wkh froxpq wkdw ehjlqv zlwk 45 +wrnhqv,1 Orrn lq wkh wdeoh iru wkh lqwhuvhfwlrq
ri wkh fkrvhq urz +7 wrnhqv, dqg froxpq +45 wrnhqv,1 \rx qg wkdw li |rx sxw 7 wrnhqv lq rswlrq 4 dqg
wkh rwkhu irxu phpehuv sxw lq wrwdo 45 wrnhqv lq rswlrq 4/ |rxu wrwdo hduqlqjv lq Sduw L ri wkh urxqg duh
651< srlqwv1
Lq wkh wdeoh/ revhuyh wkh iroorzlqj1 \rx fdq dozd|v pdnh vxuh wr hduq 918 srlqwv lq dq| urxqg e|
sxwwlqj }hur wrnhqv lq rswlrq 41 \rx fdq/ krzhyhu/ srvvleo| hduq pruh srlqwv li |rx sxw vrph wrnhqv
lq rswlrq 41 Krz pdq| srlqwv |rx hduq/ ghshqgv fuxfldoo| rq wkh fkrlfhv ri wkh rwkhu phpehuv ri |rxu
jurxs1 Li/ iru h{dpsoh/ |rx sxw doo 46 wrnhqv lq rswlrq 4/ |rx fdq hduq <;15 srlqwv/ li wkh rwkhu jurxs
5<phpehuv gr qrw sxw dq| wrnhqv lq rswlrq 41 Rq wkh rwkhu kdqg/ |rx fdq orvh 616 srlqwv/ li wkh rwkhu
jurxs phpehuv gr wkh vdph dv |rx gr/ dqg sxw doo wkhlu wrnhqv lq rswlrq 41 Rwkhu jurxs phpehuv dhfw
krz pdq| srlqwv |rx hduq/ dqg |rx dhfw krz pdq| srlqwv wkh rwkhuv hduq1
Z h zrxog olnh wr gudz |rxu dwwhqwlrq wr wkh idfw wkdw dv d jurxs/ |rx dqg wkh rwkhu jurxs phpehuv
fdq hduq wkh pd{lpxp qxpehu ri srlqwv wrjhwkhu li hdfk jurxs phpehu sxwv 9 wrnhqv lq rswlrq 41 Qrwh/
krzhyhu/ wkdw li hyhu| rwkhu jurxs phpehu sxwv 9 wrnhqv lq rswlrq 4 +wkdw phdqv wkdw wkh rwkhuv sxw
wrjhwkhu 7 wlphv 9 @ 57 wrnhqv lq rswlrq 4,/ lw lv ehvw iru |rx wr sxw doo |rxu 46 wrnhqv lq rswlrq 41
Sohdvh/ yhuli| wklv lq wkh wdeoh qrz1 Wkhuhiruh zh uhplqg |rx wkdw |rx dqg wkh rwkhu jurxs phpehuv fdq
hduq wrjhwkhu wkh pd{lpxp srvvleoh qxpehu ri srlqwv lq dq| urxqg e| sxwwlqj 9 wrnhqv lq rswlrq 4 dqg
wuxvwlqj wkdw wkh rwkhuv gr wkh vdph1
Qrwh wkdw lq wkh h{shulphqw/ |rx dqg wkh rwkhu irxu phpehuv ri |rxu jurxs zloo ghflgh rq wkh
glylvlrq ri wkh wrnhqv dw wkh vdph wlph1 Wkhuhiruh/ dw wkh prphqw ri |rxu ghflvlrq |rx gr qrw nqrz krz
pdq| wrnhqv wkh rwkhu phpehuv ri |rxu jurxs zloo sxw lq rswlrq 41 \rx fdq rqo| jxhvv1 Diwhu doo jurxs
phpehuv pdgh wkhlu ghflvlrqv lq Sduw L/ |rx zloo uhfhlyh lqirupdwlrq derxw krz pdq| wrnhqv hdfk jurxs
phpehu kdv sxw lq rswlrq 4 lq wklv urxqg/ dqg krz pdq| srlqwv hdfk jurxs phpehu hduqhg1
Sduw LL ri rqh urxqg= ^Rqo| Xqolqnhg= Lq Sduw LL ri dq| urxqg |rx duh lq d jurxs zlwk 7 jurxs
phpehuv fdoohg D/ DD/ DDD/ DDDD1 Wkhvh duh qrw wkh vdph lqglylgxdov dv wkrvh odehohg }/}}/}}}/}}}}
lq Sduw L1` Lq Sduw LL ri d urxqg +iroorzlqj lpphgldwho| Sduw L,/ |rx zloo pdnh d fkrlfh rq krz wr xvh
vrph ri wkh srlqwv |rx hduqhg lq Sduw L1 Lq sduwlfxodu/ iru hdfk ri wkh rwkhu irxu jurxs phpehuv ^Rqo|
Xqolqnhg= D/ DD/ DDD/ dqg DDDD`/ |rx kdyh wr ghflgh zkhwkhu ru qrw wr vhqg 5 srlqwv wr wkdw jurxs
phpehu1 Li |rx kdsshq qrw wr kdyh hduqhg hqrxjk srlqwv lq Sduw L/ |rx fdq vwloo vhqg 5 srlqwv wr dq| ri
wkh rwkhu jurxs phpehuv/ dqg wkhvh srlqwv zloo eh vxewudfwhg iurp |rxu wrwdo hduqlqjv1
Hduqlqj srlqwv lq Sduw LL= Dq| srlqwv |rx vhqg wr dq| ri wkh rwkhu jurxs phpehuv zloo eh
vxewudfwhg iurp wkh qxpehu ri srlqwv |rx hduqhg1
Zkhq |rx vhqg srlqwv wr wkh rwkhu jurxs phpehuv/ wkh| uhfhlyh pruh srlqwv wkdq |rx vhqw1 Krz
pdq| pruh ghshqgv rq krz pdq| rwkhu jurxs phpehuv dovr vhqw wkhp 5 srlqwv1 Vhh wkh iroorzlqj wdeoh=
Li qr shuvrq vhqgv 5 srlqwv wr d vshflf jurxs phpehu/ wkdw phpehu uhfhlyhv 3 srlqwv> Li 4 shuvrq vhqgv
5 srlqwv wr d vshflf jurxs phpehu/ wkdw phpehu uhfhlyhv 53 srlqwv> li 5 shuvrqv vhqg 5 srlqwv wr d
vshflf jurxs phpehu/ wkdw phpehu uhfhlyhv 63 srlqwv> li 6 shuvrqv vhqg 5 srlqwv wr d vshflf jurxs
phpehu/ wkdw phpehu uhfhlyhv 69 srlqwv> li 7 shuvrqv vhqg 5 srlqwv wr d vshflf jurxs phpehu/ wkdw
63phpehu uhfhlyhv 73 srlqwv1
Revhuyh wkdw doo lqglylgxdov lq |rxu jurxs pdnh wklv ghflvlrq dw wkh vdph wlph dv |rx1 Wkdw phdqv/
vlploduo|/ wkdw li qr shuvrq vhqgv 5 srlqwv wr |rx/ |rx uhfhlyh 3 srlqwv> li 4 shuvrq vhqgv 5 srlqwv wr |rx/
|rx uhfhlyh 53 srlqwv> li 5 shuvrqv vhqg 5 srlqwv wr |rx/ |rx uhfhlyh 63 srlqwv> li 6 shuvrqv vhqg 5 srlqwv
wr |rx/ |rx uhfhlyh 69 srlqwv> li 7 shuvrqv vhqg 5 srlqwv wr |rx/ |rx uhfhlyh 73 srlqwv1
Dw wkh hqg ri Sduw LL ri d urxqg |rx zloo eh lqiruphg derxw krz pdq| srlqwv hdfk rwkhu jurxs phpehu
kdv vhqw wr |rx/ dqg wkh wrwdo qxpehu ri srlqwv froohfwhg e| hdfk rwkhu lqglylgxdo ^Rqo| Xqolqnhg= D/
DD/ DDD/ dqg DDDD` lq wklv urxqg1 Wkhq/ d qhz urxqg zloo ehjlq1 \rxu wrwdo hduqlqjv lq rqh urxqg ri
wkh h{shulphqw duh= wkh qxpehu ri srlqwv |rx hduqhg lq Sduw L/ PLQXV wkh qxpehu ri srlqwv |rx vhqg
wr rwkhuv lq Sduw LL/ SOXV wkh qxpehu ri srlqwv |rx uhfhlyhg iurp rwkhuv lq Sduw LL/ ghshqglqj rq krz
pdq| ri wkhp vhqw srlqwv wr |rx1
Zh zloo qrz h{sodlq krz wkh frpsxwhu vfuhhqv orrn olnh1
Frpsxwhu vfuhhqv= Dv d jhqhudo uxoh= wkh wh{w lq d olqh zkhuh |rx pdnh d ghflvlrq lv dozd|v
vkrzq lq UHG> doo lqirupdwlrq derxw Sduw L ri d urxqg lv vkrzq lq JUHHQ/ doo lqirupdwlrq derxw Sduw
LL ri d urxqg lv vkrzq lq EOXH1
Vfuhhq 4= Khuh |rx ghflgh krz pdq| wrnhqv |rx sxw lq rswlrq 41 Xvh wkh nh|erdug wr w|sh lq
rqh ri wkh qxpehuv 3/ 4/111/45/ 46 lq wkh dfwlyh hog/ dqg frqup |rxu fkrlfh e| suhvvlqj RN1 Zduqlqj=
Ehiruh suhvvlqj RN/ pdnh vxuh |rxu fkrlfh lv fruuhfw1 \rx fdqqrw fkdqjh |rxu ghflvlrq diwhu |rx kdyh
suhvvhg RN1
Diwhu kdylqj suhvvhg RN/ |rx zloo eh dvnhg wr zdlw xqwlo doo h{shulphqw sduwlflsdqwv kdyh grqh wkh
vdph1 Wkh h{shulphqw frqwlqxhv rqo| diwhu doo h{shulphqw sduwlflsdqwv suhvvhg RN1 Zh wkhuhiruh nlqgo|
dvn |rx qrw wr ghod| |rxu ghflvlrq wrr pxfk1 Iru hyhu| ghflvlrq/ d wlph lqglfdwlrq ri rqh plqxwh lv vkrzq
lq wkh khdghu1 Diwhu wklv wlph h{sluhv/ |rx duh uhshdwhgo| dvnhg wr vxeplw |rxu ghflvlrq/ ru suhvv wkh RN
exwwrq1
Iru |rxu lqirupdwlrq/ wkhuh duh wzr klvwru| wdeohv lq wkh orzhu sduw ri Vfuhhq 41 Wkh klvwru|
wdeoh ri Sduw L frqwdlqv lqirupdwlrq iru doo suhylrxv urxqgv rq krz pdq| wrnhqv hdfk jurxs phpehu
^Rqo| Xqolqnhg= +odehohg }/}}/}}}/}}}},` kdv sxw lq rswlrq 4 lq wkdw urxqg1 Wkh klvwru| wdeoh ri Sduw
LL frqwdlqv lqirupdwlrq iru doo suhylrxv urxqgv rq zkhwkhu d jurxs phpehu ^Rqo| Xqolqnhg= +odehohg
D/DD/DDD/DDDD,` vhqw 5 srlqwv wr |rx lq wkdw urxqg/ ru qrw1 Dw wkh ehjlqqlqj ri urxqg 4/ wkhvh hogv
zloo ri frxuvh eh hpsw|1
64Lq wkh klvwru| wdeohv/ wkh lqirupdwlrq derxw |rxuvhoi lv dozd|v vkrzq lq wkh vhfrqg froxpq ri wkh
wdeoh/ ghqrwhg ph1 Lq froxpqv wkuhh wr vl{/ |rx qg lqirupdwlrq derxw wkh rwkhu irxu jurxs phpehuv1
^Rqo| Olqnhg= Wkhvh froxpqv duh ghqrwhg {/ {{/ {{{/ dqg {{{{ rqo|1 Qrwh wkdw wkhvh qdphv uhpdlq
wkh vdph iru hdfk jurxs phpehu ryhu wkh zkroh h{shulphqw1 Iru h{dpsoh lq wkh froxpq ghqrwhg {{/
|rx zloo dozd|v qg lqirupdwlrq derxw rqh dqg wkh vdph jurxs phpehu/ exw |rx zloo qrw ohduq klv2khu
lghqwlw|1` ^Rqo| Xqolqnhg= Wkhvh froxpqv duh ghqrwhg }/ }}/ }}}/ dqg }}}} +ru D/DD/DDD/DDDD, rqo|1
Qrwh wkdw wkhvh qdphv uhpdlq wkh vdph iru hdfk jurxs phpehu ryhu wkh zkroh h{shulphqw1 Iru h{dpsoh
lq wkh froxpq ghqrwhg }}/ |rx zloo dozd|v qg lqirupdwlrq derxw rqh dqg wkh vdph jurxs phpehu/ exw
|rx zloo qrw ohduq klv2khu lghqwlw|1 Diwhu suhvvlqj RN/ d zdlwlqj vfuhhq zloo dsshdu1 Diwhu doo h{shulphqw
sduwlflsdqwv kdyh suhvvhg RN/ Vfuhhq 5 zloo dsshdu1
Vfuhhq 5= Lq wkh ohiw sduw ri wklv vfuhhq |rx qg d wdeoh zlwk lqirupdwlrq rq krz pdq| wrnhqv
hdfk jurxs phpehu ^Rqo| Olqnhg= {/ {{/ {{{/ {{{{` ^Rqo| Xqolqnhg= odehohg }/ }}/ }}}/ dqg }}}}/ ` kdv
sxw lq rswlrq 4 lq wklv urxqg/ dqg krz pdq| srlqwv kh2vkh hduqhg lq Sduw L1
Lq wkh uljkw sduw ri wkh vfuhhq/ |rx kdyh wr ghflgh iru hdfk ri wkh rwkhu irxu jurxs phpehuv ^Rqo|
Xqolqnhg= odehohg D/DD/DDD/DDDD` zkhwkhu |rx zdqw wr vhqg 5 srlqwv wr wkdw jurxs phpehu ru qrw1
Iru hdfk jurxs phpehu/ |rx kdyh wr folfn lq wkh olqh vwduwlqj zlwk wkh wh{w L vhqg 5 srlqwv wr wklv jurxs
phpehu hlwkhu wkh hog qr ru wkh hog |hv1 Lq wkh uvw fdvh/ wkdw jurxs phpehu grhv QRW uhfhlyh
dq| srlqwv iurp |rx1 Lq wkh vhfrqg fdvh/ 5 srlqwv duh vxewudfwhg iurp |rxu hduqlqjv/ dqg wkh rwkhu
jurxs phpehu uhfhlyhv srlqwv ghshqglqj rq krz pdq| jurxs phpehuv vhqw srlqwv wr klp2khu1 Suhvv
RN/ zkhq |rx duh uhdg| wr frqwlqxh1 D zdlwlqj vfuhhq zloo dsshdu1 Wkh h{shulphqw frqwlqxhv rqo| diwhu
doo h{shulphqw sduwlflsdqwv kdyh suhvvhg RN/ dqg wkhuhiruh zh nlqgo| dvn |rx qrw wr ghod| |rxu ghflvlrq
wrr pxfk1
Vfuhhq 6= Lq wklv vfuhhq |rx qg doo lqirupdwlrq derxw wklv urxqg1 Lq wkh ohiw sduw ri wkh vfuhhq
|rx qg d wdeoh zlwk lqirupdwlrq rq krz pdq| wrnhqv hdfk jurxs phpehu kdv sxw lq rswlrq 4 lq wklv
urxqg dqg krz pdq| srlqwv kh2vkh hduqhg lq Sduw L1
Lq wkh uljkw sduw ri wkh vfuhhq |rx qg d wdeoh zlwk lqirupdwlrq rq hdfk ri wkh jurxs phpehuv1 Lq
olqh wzr ri wkh wdeoh/ lw lv vkrzq zkhwkhu |rx vhqw 5 srlqwv wr wkdw jurxs phpehu +|hv2qr,/ dqg lq olqh
wkuhh ri wkdw wdeoh |rx qg zkhwkhu wkdw jurxs phpehu glg vhqw 5 srlqwv wr |rx +|hv2qr,1
Frqfoxvlrq= Sohdvh/ udlvh |rxu kdqg li |rx kdyh txhvwlrqv dw wklv prphqw1 Qrwh wkdw zh gr qrw
dqvzhu txhvwlrqv ri wkh w|sh zkdw vkdoo L gr lq wkh h{shulphqwB 0 lw lv |rxu rzq ghflvlrq1 Z h duh/
650 4 8 12 16 20 24 28 32 36 40 44 48 52
0 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5
1 15.4 14.8 14.2 13.6 13 12.4 11.8 11.2 10.6 10 9.4 8.8 8.2 7.6
2 23.9 22.7 21.5 20.3 19.1 17.9 16.7 15.5 14.3 13.1 11.9 10.7 9.5 8.3
3 32.2 30.4 28.6 26.8 25 23.2 21.4 19.6 17.8 16 14.2 12.4 10.6 8.8
4 40.1 37.7 35.3 32.9 30.5 28.1 25.7 23.3 20.9 18.5 16.1 13.7 11.3 8.9
5 47.8 44.8 41.8 38.8 35.8 32.8 29.8 26.8 23.8 20.8 17.8 14.8 11.8 8.8
6 55.1 51.5 47.9 44.3 40.7 37.1 33.5 29.9 26.3 22.7 19.1 15.5 11.9 8.3
7 62.2 58 53.8 49.6 45.4 41.2 37 32.8 28.6 24.4 20.2 16 11.8 7.6
8 68.9 64.1 59.3 54.5 49.7 44.9 40.1 35.3 30.5 25.7 20.9 16.1 11.3 6.5
9 75.4 70 64.6 59.2 53.8 48.4 43 37.6 32.2 26.8 21.4 16 10.6 5.2
10 81.5 75.5 69.5 63.5 57.5 51.5 45.5 39.5 33.5 27.5 21.5 15.5 9.5 3.5
11 87.4 80.8 74.2 67.6 61 54.4 47.8 41.2 34.6 28 21.4 14.8 8.2 1.5
12 92.9 85.7 78.5 71.3 64.1 56.9 49.7 42.5 35.3 28.1 20.9 13.7 6.5 -0.7
13 98.2 90.4 82.6 74.8 67 59.2 51.4 43.6 35.8 28 20.2 12.4 4.6 -3.3





























Total number of tokens put in Market I by the other FOUR group members
Iljxuh 7= Sd|r wdeoh iru wkh FSU jdph1
krzhyhu/ kdss| wr dqvzhu dq| txhvwlrqv derxw wkh zd| |rxu srlqwv duh fdofxodwhg/ ru krz wkh frpsxwhu
surjudp zrunv1 Wkh h{shulphqw qrz vwduwv zlwk d vkruw whvw wr pdnh vxuh wkdw hyhu|erg| xqghuvwdqgv
krz srlqwv duh hduqhg1 Xvh |rxu wdeohv wr dqvzhu wkh iroorzlqj txhvwlrqv1 Diwhu doo h{shulphqw sduwlfl0
sdqwv dqvzhuhg doo txhvwlrqv fruuhfwo|/ wkh h{shulphqw zloo ehjlq e| 8 wuldo urxqgv1 \rx zloo qrw eh sdlg
iru dq| ghflvlrqv pdgh lq wkhvh wuldo urxqgv1 Zh hqfrxudjh |rx wr xvh wkhvh urxqgv wr ohduq wr xvh ri wkh
surjudp1 Diwhu wkh 8 wuldo urxqgv zh zloo dqqrxqfh wkh vwduw ri wkh uhdo h{shulphqw/ dqg |rx zloo sod|
58 urxqgv iru zklfk |rx zloo eh sdlg dw wkh hqg ri wkh h{shulphqw1
Qh{w/ zh suhvhqw wkh frpsxwhu vfuhhqv iurp wkh Xqolqnhg wuhdwphqw lq jxuhv 80:1
Qrwh wkdw wkh Olqnhg wuhdwphqw vfuhhqv kdg wkh vdph dsshdudqfh/ xs wr wkh srlqw wkdw
wkh Klvwru| Wdeohv lq ohiw dqg uljkw sduw ri wkh vfuhhq uhihuuhg wr wkh lqglylgxdov odehoohg
e| wkh vdph qdphv {/ {{/ {{{/ {{{{/ wr vwuhvv wkh idfw wkdw wkh ghflvlrqv lq erwk sduwv ri
wkh jdph zhuh wdnhq lq wkh vdph jurxs ri sduwlflsdqwv1
: Dsshqgl{ 5 0 Vrfldo rulhqwdwlrq wdvn
Vxemhfwv zhuh suhvhqwhg zlwk wkh wdeoh ;1
66Iljxuh 8= Vfuhhq 4 +Xqolqnhg wuhdwphqw,
Iljxuh 9= Vfuhhq 5 +Xqolqnhg wuhdwphqw,
67Iljxuh := Vfuhhq 6 +Xqolqnhg wuhdwphqw,
Please, choose one of the locations A,B,...,O,P. You and one anonymous other person 
in this room will be paid according to your choice after the experiment.
Points to Points to the
Location YOU OTHER PARTICIPANT
points ADDED A -211 0
to the other B -188 -95
 participant’s account C -150 -150
points ADDED D -95 -188
to him E 0 -211
F 95 -188
G 150 -150
points SUBTRACTED H 188 -95
from the other I 211 0
 participant’s account J 188 95
K 150 150
L 95 188
points SUBTRACTED points ADDED  M 0 211
 from your account to your account N -95 188
















Iljxuh ;= Wkh vrfldo rulhqwdwlrq wdvn1
68; Dsshqgl{ 6 0 Srvw0h{shulphqwdo txhvwlrqqdluh
Wkh iroorzlqj txhvwlrqqdluh zdv suhvhqwhg wr doo vxemhfwv diwhu wkh h{shulphqw1
Olqnhg wuhdwphqw=
Txhvwlrq 4= Lqirupdwlrq rq zkdw wkh rwkhuv glg lq Sduw L ri d urxqg zdv xvhixo zkhq wdnlqj ghflvlrqv
lq Sduw LL ri wkdw urxqg= +l, qrw xvhixo> +ll, L gr qrw nqrz> +lll,xvhixo1
Txhvwlrq 5= Lq wkh h{shulphqw/ L zrxog suhihu wkh rwkhu jurxs phpehuv QRW wr jhw lqirupdwlrq
rq zkdw L glg lq Sduw L/ zkhq wkh| duh wdnlqj wkhlu ghflvlrqv lq Sduw LL= +l, L gr qrw plqg li wkh| jhw
lqirupdwlrq rq zkdw L glg lq Sduw L>+ll, L Z DQW wkhp wr uhfhlyh lqirupdwlrq rq zkdw L glg lq Sduw L>+lll,
L suhihu li wkh| gr QRW uhfhlyh lqirupdwlrq rq zkdw L glg lq Sduw L1
Txhvwlrq 6= Lq wkh h{shulphqw/ L zrxog suhihu wr eh lq rqh jurxs iru Sduw L dqg lq d GLIIHUHQW
jurxs iru Sduw LL1 Ri frxuvh/ wklv zrxog lpso| wkdw zkhq lq Sduw LL/ L gr qrw nqrz zkdw wkh rwkhu jurxs
phpehuv glg lq Sduw L/ dqg ylfh yhuvd= +l, L gr qrw plqg li L dp lq wkh vdph jurxs lq Sduw L dqg Sduw LL>
+ll, L Z DQW wr eh lq wkh vdph jurxs lq Sduw L dqg Sduw LL> +lll, L suhihu QRW wr eh lq wkh vdph jurxs
lq Sduw L dqg Sduw LL1
Xqolqnhg wuhdwphqw=
Txhvwlrq 4= Zkhq wdnlqj ghflvlrqv lq Sduw LL ri d urxqg/ lw zrxog eh xvhixo wr nqrz zkdw wkh rwkhu
jurxs phpehuv glg lq wkhlu Sduw L= +l, qrw xvhixo> +ll, L gr qrw nqrz> +lll, xvhixo1
Txhvwlrq 5= Lq wkh h{shulphqw/ L zrxog suhihu wkh rwkhu jurxs phpehuv QRW wr nqrz zkdw L glg lq
Sduw L/ zkhq wkh| duh wdnlqj wkhlu ghflvlrqv lq Sduw LL= +l, L gr qrw plqg li wkh| vhh zkdw L glg lq Sduw L>
+ll, L Z DQW wkhp wr vhh zkdw L glg lq Sduw L> +lll, L suhihu li wkh| gr QRW vhh zkdw L glg lq Sduw L1
Txhvwlrq 6= Li L frxog/ L zrxog fkrrvh wr eh lq wkh vdph jurxs iru Sduw L dqg Sduw LL= +l, qr> +ll, |hv1
Wkh dqvzhuv wr wkh txhvwlrqqdluh duh vxppdul}hg lq wkh wdeoh 441 Eulh |/ zh qg
wkdw lq wkh Olqnhg wuhdwphqw/ prvw vxemhfwv dfnqrzohgjh wkh ghvludelolw| ri wkh vhohfwlyh
h{foxvlrq phfkdqlvp1 :<( ri wkhp vwdwh wkdw olqnlqj wkh wzr jdphv zdv xvhixo/ 87(
suhihu wkdw rwkhuv duh lqiruphg derxw wkhlu ehkdylru lq wkh FSU jdph zkhq wdonlqj
wkh jliw0jlylqj ghflvlrqv/ dqg 99( suhihu olqnlqj ri wkh wzr jdphv frpsduhg wr xqolqnhg
hqylurqphqw1 H{shulhqfh zlwk wkh Olqnhg wuhdwphqw lv lpsruwdqw dv dprqj wkh vxemhfwv
zkr sduwlflsdwhg lq wkh Xqolqnhg wuhdwphqw/ wkh uhvshfwlyh shufhqwdjhv duh rqo| 6;(/
58( dqg 7;(1
69Dqvzhu Wrwdo
Wuhdwphqw Txhvwlrq +l, +ll, +lll,
Olqnhg 4 492;3 +53(, 42;3 +4(, 962;3 +:<(, ;3
Olqnhg 5 4:2;3 +54(, 762;3 +87(, 532;3 +58(, ;3
Olqnhg 6 532;3 +58(, 862;3 +99(, :2;3 +<(, ;3
Xqolqnhg 4 7:2;3 +8<(, 62;3 +7(, 632;3 +6;(, ;3
Xqolqnhg 5 662;3 +74(, 532;3 +58(, 5:2;3 +67(, ;3
Xqolqnhg 6 752;3 +86(, 6;2;3 +7;(, QD ;3
Wdeoh 44= Dqvzhuv wr wkh txhvwlrqqdluh1
Uhihuhqfhv
^4` Dqguhrql/ M1 dqg Ploohu/ M1K1 +4<<6,/ Udwlrqdo Frrshudwlrq lq wkh Ilqlwho| Uhshdwhg
Sulvrqhu*v Glohppd= H{shulphqwdo Hylghqfh/ Hfrqrplf Mrxuqdo 436/ 8:308;81
^5` Edodqg/ M1 dqg Sodwwhdx/ M1S1 +4<<9,/ Kdowlqj Ghjudgdwlrq ri Qdwxudo Uhvrxufhv= Lv
wkhuh d Uroh iru Uxudo FrppxqlwlhvB/ R{irug= Foduhqgrq Suhvv1
^6` Ehuj/ M1/ Glfnkdxw/ M1 dqg PfFdeh/ N1 +4<<8,= Wuxvw/ Uhflsurflw| dqg Vrfldo Klv0
wru|/ Jdphv dqg Hfrqrplf Ehkdylru 43/ 45504751
^7` Erzohv/ V1 dqg Jlqwlv/ K1 +5335,/ Vrfldo Fdslwdo dqg Frppxqlw| Jryhuqdqfh/
Hfrqrplf Mrxuqdo 445/ 74907691
^8` Frughoo/ M1F1 dqg PfNhdq/ P1D1 +4<<5, Vhd whqxuh lq Edkld/ Eud}lo/ lq G1Z1
Eurpoh| dqg G1 I hhq| +hgv1,/ Pdnlqj wkh Frpprqv zrun/ Vdq Iudqflvfr= LFV Suhvv/
4;605381
^9` Idon D1/ Ihku H1 dqg Ilvfkedfkhu X1 +5333,/ Dssursuldwlqj wkh Frpprqv 0 D Wkh0
ruhwlfdo H{sodqdwlrq/ LHZ Z runlqj Sdshu 88/ ]xulfk= Xqlyhuvlw| ri ]xulfk1
^:` Ihku/ H1 dqg Jçfkwhu/ V1 +5333,/ Idluqhvv dqg Uhwdoldwlrq= Wkh Hfrqrplfv ri Uhfl0
surflw|/ Mrxuqdo ri Hfrqrplf Shuvshfwlyhv 47/ 48<04;41
^;` Ihku/ H1 dqg Jçfkwhu/ V1 +5333,/ Frrshudwlrq dqg Sxqlvkphqw lq Sxeolf Jrrgv
H{shulphqwv/ Dphulfdq Hfrqrplf Uhylhz <3/ <;30<<71
6:^<` Ilvfkedfkhu/ X1 +4<<<,/ }0W uhh1 W rroer{ iru Uhdg|pdgh Hfrqrplf H{shulphqwv/
LHZ Z runlqj sdshu 54/ Xqlyhuvlw| ri ]xulfk1
^43` Ilvfkedfkhu/ X1/ V1 Jçfkwhu dqg H1 Ihku +5334,/ Duh Shrsoh Frqglwlrqdoo| Frrshud0
wlyhB Hylghqfh iurp d Sxeolf Jrrgv H{shulphqw/ Hfrqrplfv Ohwwhuv :4+6,/ 6<:07371
^44` Judqryhwwhu/ P1 +4<;8, Hfrqrplf Dfwlrq dqg Vrfldo Vwuxfwxuh= Wkh Sureohp ri
Hpehgghgqhvv/ Dphulfdq Mrxuqdo ri Vrflrorj| <4/ 7;408431
^45` Kylglqj/ H1 dqg Edlqhv/ J1E1N1 +4<<7, Frppxqlw|0Edvhg Ilvkhulhv Pdqdjhphqw/
Wudglwlrq dqg Fkdoohqjhv ri Ghyhorsphqw lq Pduryr/ Vrorprq Lvodqgv/ Ghyhorsphqw
dqg Fkdqjh 58/ 4606<1
^46` PfFduwk|/ Q1/ Vdgrxohw/ H1 dqg Gh Mdqyu|/ D1 +5334,/ Frpprq Srro Uhvrxufh
Dssursuldwlrq xqghu Frvwo| Frrshudwlrq/ Mrxuqdo ri Hqylurqphqwdo Hfrqrplfv dqg
Pdqdjhphqw 75/ 5<:063<1
^47` PfNhdq/ P1D1 +4<<5, Pdqdjhphqw ri W udglwlrqdo Frpprq Odqgv +Luldlfkl, lq
Mdsdq/ lq G1Z1 Eurpoh| dqg G1 I hhq| +hgv1,/ Pdnlqj wkh Frpprqv zrun/ Vdq
Iudqflvfr= LFV Suhvv/ 990<;1
^48` Rvwurp/ H1/ Jdugqhu/ U1/ dqg Z donhu/ M1 +4<<5,/ Fryhqdqwv Zlwk dqg Zlwkrxw
Vzrug= Vhoi0Jryhuqdqfh Lv Srvvleoh/ Dphulfdq Srolwlfdo Vflhqfh Uhylhz ;9/ 737074:1
^49` Rvwurp/ H1/ Jdugqhu/ U1/ dqg Z donhu/ M1 +4<<7,/ Uxohv/ Jdphv dqg Frpprq0Srro
Uhvrxufhv/ Dqq Dueru= Wkh Xqlyhuvlw| ri Plfkljdq Suhvv1
^4:` Wd|oru/ O1 +4<;:, Wkh Ulyhu zrxog Uxq Uhg zlwk Eorrg= Frppxqlw| dqg Frp0
prq Surshuw| lq Lulvk Ilvklqj Vhwwohphqw/ lq E1M1 PfFd| dqg M1P1 Dfkhvrq +hgv1,/
Wkh Txhvwlrq ri wkh Frpprqv= Wkh Fxowxuh dqg Hfrorj| ri Frppxqdo Uhvrxufhv/
Wxvfrq= Xqlyhuvlw| ri Dul}rqd Suhvv/ 5<3063:
^4;` Y|udvwhnryd/ M1 dqg G1S 1 ydq Vrhvw +5336,/ Fhqwudol}hg Frpprq Srro Pdqdjhphqw
dqg Orfdo Frppxqlw| Sduwlflsdwlrq/ Odqg Hfrqrplfv :<+7,/ 83308471
6;